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Preface 

Eye injury is a leading cause of visual impairment in the United States (U.S.) with 40,000 to 50,000 
new cases of impaired vision reported each year.1 Many eye injuries occur due to contact with 
workplace or household products or chemicals. Accidents involving common household products 
(e.g., oven cleaner and bleach) cause about 125,000 eye injuries each year.2 These products often 
result in chemical burns and emergency room visits.3 Each day about 2,000 U.S. workers have a job-
related eye injury that requires medical treatment. Although the majority of these eye injuries result 
from mechanical sources, chemical burns from industrial chemicals or cleaning products are 
common.4 

In order to avoid eye injuries, regulatory agencies require testing to determine if chemicals and 
products have the potential to cause eye damage. This testing information is used to classify the 
ocular hazard and to determine appropriate labeling that must be used to warn consumers and workers 
of the potential hazard and how to avoid exposures that could result in damage to the eye, and what 
emergency procedures should be followed if there is accidental exposure. 

Nearly all ocular safety testing has been conducted using the Draize rabbit eye test, although in vitro 
methods can now be used to identify whether substances cause severe irritation or permanent eye 
damage. The Draize rabbit eye test, originally described by Draize et al. (1944), involves instillation 
of 0.1 mL of the test substance into the conjunctival sac of one eye while the other eye serves as the 
untreated control. The eye is examined at least daily for up to 21 days. The presence and severity of 
any injuries to the cornea, conjunctiva, and iris (tissues inside the eye) are scored and the duration that 
the injuries persist is recorded. 

In 2004, the U.S. Environmental Protection Agency (EPA) requested that the Interagency 
Coordinating Committee on the Validation of Alternative Methods (ICCVAM) evaluate an in vitro 
testing strategy that would meet their need to evaluate, categorize, and label antimicrobial cleaning 
products (AMCPs) for eye irritation. As part of this evaluation, ICCVAM and the National 
Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological Methods 
(NICEATM) requested the submission of data and information on AMCPs (73 FR 18535).5 

ICCVAM carefully compiled and assessed all available data and arranged an independent scientific 
peer review. ICCVAM and its Ocular Toxicity Working Group (OTWG) solicited and considered 
public comments and stakeholder involvement throughout the evaluation process. As part of their 
ongoing collaboration with ICCVAM, scientists from the European Centre for the Validation of 
Alternative Methods (ECVAM) and the Japanese Center for the Validation of Alternative Methods 
(JaCVAM) served as liaisons to the OTWG. ICCVAM, NICEATM, and the OTWG prepared a draft 
summary review document (SRD) describing the validation status of the AMCP testing strategy, 
including the reliability and accuracy of each of the three in vitro test methods in the AMCP testing 
strategy, and draft test method recommendations for usefulness and limitations. ICCVAM released 
this document to the public for comment on March 31, 2009, at which time ICCVAM also announced 
a meeting of the international independent scientific peer review panel (Panel) (74 FR 14556).6 

The Panel met in public session on May 19–21, 2009, to review the ICCVAM draft AMCP SRD for 
completeness and accuracy. The Panel then evaluated (1) the extent to which the draft AMCP SRD 
addressed established validation and acceptance criteria and (2) the extent to which the draft AMCP 
                                                 
1 Available at: http://www.preventblindness.org/resources/factsheets/Eye_Injuries_FS93.PDF 
2 Available at: http://www.geteyesmart.org/eyesmart/injuries/home.cfm 
3 From the CPSC NEISS Database, 2007. 
4 Available at: http://www.cdc.gov/niosh/topics/eye/ 
5 Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR-E8-6969.pdf 
6 Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/E9-7220.pdf 
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SRD supported ICCVAM’s draft test method recommendations. Before concluding their 
deliberations, the Panel considered written comments and comments made at the meeting by public 
stakeholders. 

ICCVAM provided the Scientific Advisory Committee on Alternative Toxicological Methods 
(SACATM) with the draft AMCP SRD and draft test method recommendations, a summary of the 
conclusions and recommendations from the Panel meeting, and all public comments for discussion at 
their meeting on June 25-26, 2009, where public stakeholders were given another opportunity to 
comment. A detailed timeline of the evaluation is included with this report. 

ICCVAM solicited and considered public comments and stakeholder involvement throughout the test 
method evaluation process. ICCVAM considered the SACATM comments, the conclusions of the 
Panel, and all public comments before finalizing the ICCVAM test method recommendations for each 
test method. The recommendations and the SRD, which is provided as an appendix to this report, are 
incorporated in this ICCVAM test method evaluation report. As required by the ICCVAM 
Authorization Act, ICCVAM will forward its recommendations to U.S. Federal regulatory agencies 
for consideration. Federal agencies must respond to ICCVAM within 180 days after receiving the 
ICCVAM test method recommendations. ICCVAM recommendations are available to the public on 
the NICEATM–ICCVAM website,7 and agency responses will also be made available on the website 
as they are received. 

We gratefully acknowledge the many individuals who contributed to the preparation, review, and 
revision of this report. We especially recognize the Panel members for their thoughtful evaluations 
and generous contributions of time and effort. Special thanks are extended to Dr. A. Wallace Hayes 
for serving as the Panel Chair and to Dr. Paul Bailey, Dr. Donald Sawyer, Dr. Kirk Tarlo, and Dr. 
Daniel Wilson for their service as Evaluation Group Chairs. We thank the OTWG for assuring a 
meaningful and comprehensive review. We especially thank Dr. Jill Merrill (U.S. Food and Drug 
Administration Center for Drug Evaluation and Research) and Dr. Karen Hamernik (EPA, to April 
2009) for serving as Co-Chairs of the OTWG. Integrated Laboratory Systems, Inc., the NICEATM 
support contractor, provided excellent scientific support, for which we thank Dr. David Allen, 
Dr. Jonathan Hamm, Nelson Johnson, Dr. Brett Jones, Dr. Elizabeth Lipscomb, and James Truax. 
Finally, we thank European Centre for the Validation of Alternative Methods liaisons Dr. João 
Barroso, Dr. Thomas Cole, and Dr. Valerie Zuang and Japanese Center for the Validation of 
Alternative Methods liaison Dr. Hajime Kojima for their participation and contributions. 

Marilyn Wind, Ph.D. 
Deputy Associate Executive Director 
Directorate for Health Sciences 
U.S. Consumer Product Safety Commission 
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Executive Director, ICCVAM 

                                                 
7 http://iccvam.niehs.nih.gov/methods/ocutox/AMCP.htm 
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Executive Summary 

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM) 
recently evaluated the validation status of the antimicrobial cleaning product (AMCP) testing 
strategy, including the performance of three in vitro test methods: bovine corneal opacity and 
permeability (BCOP), Cytosensor® Microphysiometer (CM), and EpiOcular™ (EO). This test method 
evaluation report (TMER) provides ICCVAM’s recommendations regarding the usefulness and 
limitations of the AMCP testing strategy as well as recommendations for test method protocols, 
future studies, and performance standards. The report also includes ICCVAM’s final summary review 
document (SRD) for the AMCP testing strategy. 

The National Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological 
Methods (NICEATM), ICCVAM, and its Ocular Toxicity Working Group prepared the draft AMCP 
SRD and ICCVAM’s draft test method recommendations. The drafts were provided to the public and 
an independent international scientific peer review panel (Panel) for comment. A detailed timeline of 
the ICCVAM evaluation process is appended to this report. 

The Panel met in public session on May 19–21, 2009, to review and discuss the draft AMCP SRD 
and ICCVAM's draft test method recommendations. The Panel provided conclusions and 
recommendations on the validation status of the AMCP testing strategy. The Panel also reviewed how 
well the information contained in the draft SRD supported ICCVAM’s draft test method 
recommendations. In finalizing this TMER and the AMCP SRD, ICCVAM considered (1) the 
conclusions and recommendations of the Panel, (2) comments from ICCVAM’s Scientific Advisory 
Committee on Alternative Toxicological Methods, and (3) public comments. 

Specific ICCVAM Recommendations 

Test Method Usefulness and Limitations 
Given that none of the 228 AMCPs in the validation database has been tested in all three in vitro test 
methods (i.e., BCOP, CM, and EO), ICCVAM concludes that the data are insufficient to adequately 
demonstrate that the AMCP testing strategy using these test methods can identify all four U.S. 
Environmental Protection Agency (EPA) ocular hazard categories. 

ICCVAM also concludes that the data are insufficient to support definitive recommendations on the 
alternate AMCP testing strategy, which uses only the BCOP and EO test methods to classify 
substances in all four EPA ocular hazard categories. Only 28 of the 228 AMCPs have been tested in 
both the BCOP and EO test methods. Of these, the Draize rabbit eye test classified only one as an 
EPA Category II substance and only four as EPA Category III substances. 

Test Method Protocol 
ICCVAM recommends using the updated ICCVAM protocols for the BCOP, CM, and EO test 
methods that are included as appendices to this report. In addition, all future studies intended to 
further characterize the usefulness and limitations of these test methods (i.e., BCOP, CM, and EO) 
should be conducted using the ICCVAM recommended protocols. 

Future Studies 
Given the limitations of the validation database, ICCVAM recommends a reference list of AMCPs for 
which high-quality Draize rabbit eye test data are available. These AMCPs should then be tested in 
each of the proposed test methods (i.e., BCOP, CM, and EO) to more thoroughly evaluate their 
usefulness and limitations. ICCVAM recommends that future test methods consider cells and tissue 
constructs from ocular tissues. In addition, ICCVAM encourages industry stakeholders to provide 
strategies and approaches that are currently used for corporate decisions on product safety. Users 
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should make available data gathered from future studies. The data could be used to further 
characterize the usefulness and limitations of an in vitro testing strategy. 

Performance Standards 
ICCVAM concludes that the development of performance standards for the AMCP testing strategy is 
not warranted at this time. 

Validation Status of the AMCP Test Methods and Testing Strategies 

The Bovine Corneal Opacity and Permeability Test Method 
The validation database included 66 substances tested in both the BCOP test method and the Draize 
rabbit eye test. The accuracy of the overall EPA classification (EPA Category I, II, III, or IV) was 
55%. While the BCOP test method correctly classified only 60% of the EPA Category II and 50% of 
the EPA Category III substances, it correctly identified 90% of the EPA Category I substances. 

Intralaboratory repeatability for the BCOP test method (i.e., comparison of within-experiment runs of 
a test substance) was determined for 67 AMCPs as the mean percent coefficient of variation (%CV) 
for opacity (21%), permeability (25%), and in vitro irritancy score (IVIS) (18%). NICEATM also 
evaluated agreement with the ocular hazard classifications of the EPA and the United Nations 
Globally Harmonized System of Classification and Labelling of Chemicals (GHS). The EPA and 
GHS classification systems had 100% agreement in 63 of the 75 test runs (84%), 67% agreement in 
11 of the 75 test runs (15%), and 60% agreement in one of the 75 test runs (1%). 

NICEATM determined intralaboratory reproducibility (i.e., comparison of between-experiment runs 
of a test substance) for five AMCPs as the mean %CV for the IVIS. In two to six experiments, the 
mean %CV for the IVIS was 20%. These test substances were also evaluated for their agreement with 
the EPA and GHS ocular hazard classification systems. The evaluation found 100% agreement 
among the five test substances. 

Interlaboratory reproducibility (i.e., comparison of runs of a test substance between different 
laboratories) for the BCOP test method could not be determined specifically for AMCPs because only 
one laboratory conducted the testing. However, three studies (3-12 laboratories each) determined 
interlaboratory reproducibility for non-AMCPs classified as severe or ocular corrosives by the BCOP 
test method (ICCVAM 2006a). The mean %CV for IVIS ranged from 25% to 36%.  

The Cytosensor Microphysiometer Test Method 
The validation database included 105 unique substances tested in both the CM test method and the 
low volume eye test (LVET). Three substances were tested twice for a total of 108 substances. The 
accuracy of the overall EPA classification (i.e., EPA Category I, II, III, or IV) was 30%. All nine of 
the EPA Category I substances were correctly identified. The CM test method overclassified the 
majority of substances classified by the LVET as EPA Category II, III, or IV substances (100% of the 
Category II substances, 67% of the Category III substances, and 89% of the Category IV substances). 

Reliability of the CM test method could not be evaluated specifically for AMCPs due to insufficient 
data. However, NICEATM evaluated reliability of the test method in non-AMCPs. Intralaboratory 
repeatability was evaluated based on data from seven different studies of 1 to 35 substances. The 
mean %CV for the concentrations needed to reduce the basal metabolic rate of L929 cells by 50% 
(MRD50 values) ranged from 6% to 25% for all materials tested.  

Intralaboratory reproducibility for the CM test method was determined for 16 non-AMCP substances 
in one laboratory. The mean %CV for MRD50 values for all substances tested was 25%.  

Interlaboratory reproducibility for the CM test method was measured using results from two studies at 
two to four laboratories each. The mean %CV for MRD50 values for all substances tested ranged from 
17% to 51%. 
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The EpiOcular™  Test Method 
Thirty substances were tested in both the EO test method and the Draize rabbit eye test. The accuracy 
of the overall EPA classification (i.e., EPA Category I, II, II, or IV) was 76%. All of the EPA 
Category I substances were correctly identified. Of the four EPA Category III substances, 75% were 
correctly identified by the EO test method. Forty-four percent of the nine EPA Category IV 
substances were correctly identified. 

NICEATM determined intralaboratory repeatability for the EO test method in a subset of 15 AMCPs. 
The mean %CV for the times needed to reduce cell viability by 50% (ET50 values) ranged from 0% to 
62%. To evaluate the extent of agreement between the EPA and GHS ocular hazard classification 
systems, NICEATM analyzed intralaboratory reproducibility for three AMCPs that had been tested 
more than once at one laboratory. The three AMCPs had 100% agreement in both EPA and GHS 
classification systems. Intralaboratory reproducibility for the EO test method was also determined 
from repeat testing of a single substance (0.3% Triton X-100), which occurred at two different 
laboratories. The mean %CV for ET50 values was approximately 20% in both laboratories. 

Interlaboratory reproducibility for the EO test method was determined for non-AMCPs in a two-phase 
validation study of surfactants and surfactant-containing products. Mean %CVs ranged from 12% to 
18%. However, this evaluation did not use a calculated ET50 value to predict the ocular hazard 
classification category, as detailed in the AMCP background review document. Instead, it was based 
on an EO protocol that uses relative percent viability to classify irritancy (i.e., irritant vs. nonirritant). 

These test substances were also evaluated for agreement in the EPA and GHS ocular hazard 
classification systems. Using either the EPA or GHS classification system in one phase of the 
validation study, 74% of the 19 substances had 100% agreement. In a subsequent study phase, 94% of 
the 54 substances had 100% agreement. 

Original Testing Strategy Proposed in the AMCP Background Review Document: Combining the 
BCOP, CM, and EO Test Methods 
The AMCP testing strategy (Figure 1) uses three in vitro test methods: BCOP, CM, and EO. For each 
test method, decision criteria have been developed to correspond to the four different categories of 
ocular irritation defined by the EPA hazard classification system.  

The first test method used in the AMCP testing strategy depends on the chemical properties of the test 
substance. If the test substance is an oxidizer, which suggests that it will be an ocular corrosive or 
severe irritant, then the BCOP test method is used first. Test substances that produce an IVIS > 75 in 
the BCOP would be classified as EPA Category I. If a test substance produces an IVIS < 75, further 
assessment using histopathology evaluation of the affected tissue can then determine whether it meets 
the criteria for classification as EPA Category I, II, or III. 

To determine whether the test substance is EPA Category III or IV, the test substance is subsequently 
tested in either the CM or EO test method. The choice of method again depends on the chemical 
properties of the test substance. If the test substance is water soluble, it can be tested in either the CM 
test method or the EO test method. If it is water insoluble, it must be tested in the EO test method to 
determine the final hazard classification. 

None of the 228 substances in the validation database has been tested in all three of the in vitro test 
methods proposed for the AMCP testing strategy. Therefore, no data are available with which to 
characterize the actual performance of a testing strategy that includes the BCOP, CM, and EO test 
methods. 

Alternate AMCP Testing Strategy: Combining the BCOP and EO Test Methods  
As explained above, none of the 228 AMCPs included in the original testing strategy has been tested 
in all three of the in vitro test methods included in the AMCP testing strategy. However, 
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28 substances were tested in both the BCOP and EO test methods. ICCVAM also had concerns about 
the validation status of the low volume eye test, which was used as the in vivo reference test method 
for all of the CM test method data. Therefore, ICCVAM evaluated an alternate AMCP testing strategy 
(Figure 2) that included only the BCOP and EO test methods. The alternate AMCP testing strategy 
was evaluated using two approaches: (1) test in the BCOP test method first to identify EPA Category 
I and II substances and then test in the EO test method to identify EPA Category III and IV 
substances; or (2) test in the EO test method first to identify EPA Category III and IV substances and 
then in the BCOP test method to identify EPA Category I and II substances. 

The alternate AMCP testing strategy performed the same regardless of which approach was used. It 
correctly classified 79% of the substances, identifying 100% of the EPA Category I substances, none 
of the EPA Category II substances, 100% of the EPA Category III substances, and 44% of the EPA 
Category IV substances. 

Figure 1 Combining the BCOP, CM, and EO Test Methods into a Testing Strategy: 
AMCP Testing Strategy 
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Figure 2 Combining the BCOP and EO Test Methods into a Testing Strategy: Alternate 
AMCP Testing Strategy 

 
 

ICCVAM Consideration of Public and SACATM Comments 

The ICCVAM evaluation process provides numerous opportunities for stakeholder involvement. The 
public may submit written comments and provide oral comments at ICCVAM independent peer 
review panel meetings and the Scientific Advisory Committee on Alternative Toxicological Methods 
(SACATM) meetings. From March 2005 to July 2009, there were nine opportunities for public 
comment on ICCVAM's evaluation of the validation status of alternative ocular safety testing 
methods and approaches. During this time, ICCVAM received 37 public comments, of which 
25 pertained directly to the AMCP testing strategy or one of the three in vitro test methods (i.e., 
BCOP, CM, and EO) included in the AMCP testing strategy. SACATM reviewed and commented on 
the draft recommendations and associated conclusions of the Panel during their annual meeting in 
June 2009. ICCVAM considered public and SACATM comments in finalizing the test method 
recommendations provided in this report. 

 

 



1.0 Introduction 
Commercial and household cleaning products must be labeled to indicate if they are hazardous to the 
consumer during handling or use. The U.S. Consumer Product Safety Commission (CPSC) typically 
regulates these products under the Federal Hazardous Substances Act (15 U.S.C. 1261 and 16 CFR 
1500) and the Poison Prevention Packaging Act (16 CFR 1700). However, the Federal Insecticide, 
Fungicide, and Rodenticide Act (7 U.S.C. 136-136y, 40 CFR 161) requires that cleaning products 
with an antimicrobial claim register as antimicrobial pesticides with the U.S. Environmental 
Protection Agency (EPA) Office of Pesticide Products (OPP). To comply with EPA classification and 
labeling requirements for eye irritation (EPA 2003), a product manufacturer must provide Draize 
rabbit eye test data (Draize et al. 1944) (40 CFR 158; 40 CFR 161). 

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM) 
Authorization Act of 2000 (Public Law 106-545, 42 United States Code 285l-3) charged ICCVAM 
with coordinating the technical evaluation of new, revised, and alternative test methods that have 
regulatory applicability. The National Toxicology Program Interagency Center for the Evaluation of 
Alternative Toxicological Methods (NICEATM) administers ICCVAM and provides scientific 
support for ICCVAM activities.  

In June 2004, the EPA–OPP contacted NICEATM to request a technical assessment of an in vitro 
testing strategy that would meet their need to evaluate, categorize, and label antimicrobial cleaning 
products (AMCPs) for eye irritation. The AMCP testing strategy comprises three in vitro test 
methods: the bovine corneal opacity and permeability (BCOP), Cytosensor® Microphysiometer (CM), 
and EpiOcular™ (EO) test methods. The Alternative Testing Working Group (ATWG), a consortium 
of seven consumer product companies (Clorox, Colgate-Palmolive, Dial, EcoLabs, JohnsonDiversey, 
Procter & Gamble, and SC Johnson), developed the AMCP testing strategy, coordinated by the 
Institute for In Vitro Sciences, Inc. (IIVS). IIVS performed additional testing to complete parallel sets 
of in vivo and in vitro data and described the AMCP testing strategy in a background review 
document (BRD). NICEATM received an initial draft of the AMCP BRD on December 27, 2007. A 
formal transmittal letter followed on January 8, 2008. Appendix A provides a detailed timeline of the 
ICCVAM evaluation. The ICCVAM recommended test method protocol for each test method are 
provided in Appendix B. 

The EPA and the ATWG requested that NICEATM and ICCVAM assess the scientific validity of the 
AMCP testing strategy as described in the AMCP BRD. The EPA and the ATWG sought to 
determine whether the EPA could be reasonably certain that the testing strategy would be useful for 
making hazard classification and labeling decisions for AMCPs. 

The ICCVAM Ocular Toxicity Working Group (OTWG) worked with NICEATM in evaluating the 
AMCP testing strategy. Drs. João Barroso, Thomas Cole, and Valerie Zuang represented the 
European Centre for the Validation of Alternative Methods (ECVAM). Dr. Hajime Kojima was the 
liaison from the Japanese Center for the Validation of Alternative Methods (JaCVAM). On 
March 17, 2008, after a preliminary review of the AMCP BRD, the OTWG requested additional 
documents from IIVS to fill essential information gaps noted in the original submission. 

On April 4, 2008, NICEATM published a request for relevant data and nominations of individuals to 
serve on an independent international scientific peer review panel (Panel) (73 FR 18535). The request 
was also sent via the ICCVAM electronic mailing list and through direct requests to over 
100 stakeholders. In response to these requests, 12 individuals or organizations nominated member to 
the Panel; however, no test method data were submitted. 

The OTWG provided comments and requested additional information from IIVS on April 18, 2008. 
On June 23-24, 2008, the OTWG and ICCVAM assigned this activity a high priority after 
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considering comments from the public and ICCVAM’s Scientific Advisory Committee on Alternative 
Toxicological Methods (SACATM). 

IIVS provided a revised AMCP BRD (Appendix C, Annex I) and AMCP BRD Supplement 
(Appendix C, Annex II) on July 21 and October 8, 2008, respectively. 

To facilitate peer review, the OTWG and NICEATM prepared a draft AMCP summary review 
document (SRD). The AMCP SRD summarizes the available data and information regarding the 
validity of each of the three in vitro test methods, the AMCP testing strategy, and an alternate AMCP 
testing strategy.  

On March 31, 2009, ICCVAM announced the availability of the ICCVAM draft documents and a 
public Panel meeting to review the validation status of the test methods (74 FR 145561). The 
ICCVAM draft AMCP SRD and draft test method recommendations were posted on the NICEATM–
ICCVAM website. All of the information provided to the Panel and all public comments received 
before the Panel meeting were made available on the NICEATM–ICCVAM website.2  

The Panel met in public session on May 19-21, 2009, to review the ICCVAM draft AMCP SRD for 
completeness and accuracy. The Panel then evaluated (1) the extent to which the draft AMCP SRD 
addressed established validation and acceptance criteria and (2) the extent to which the draft AMCP 
SRD supported ICCVAM’s draft proposed test method recommendations. Interested stakeholders 
from the public commented at the Panel meeting. The Panel considered these comments, as well as 
those submitted previously, before concluding their deliberations. On July 13, 2009, ICCVAM posted 
the final report of the Panel’s recommendations (Appendix D) on the NICEATM–ICCVAM website 
for public review and comment (74 FR 334443). 

ICCVAM provided SACATM with the draft AMCP SRD, and all public comments for discussion at 
their meeting on June 25–26, 2009, where public stakeholders were given another opportunity to 
comment. 

After SACATM’s meeting, ICCVAM and the OTWG considered the SACATM comments, the Panel 
report, and all public comments (Appendix E) before finalizing the ICCVAM test method evaluation 
report and the AMCP SRD provided in this report. As required by the ICCVAM Authorization Act, 
ICCVAM will make this test method evaluation report and the accompanying final SRD available to 
the public and to U.S. Federal agencies for consideration. The relevant U.S. Federal laws, regulations, 
guidelines, and recommendations for eye irritation/corrosion testing are summarized in Appendix F. 
Federal agencies must respond to ICCVAM within 180 days after receiving ICCVAM test method 
recommendations. Agency responses will be made available to the public on the NICEATM–
ICCVAM website as they are received.  

                                                 
1 http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/E9-7220.pdf 
2 http://iccvam.niehs.nih.gov/methods/ocutox/PeerPanel09.htm 
3 http://iccvam.niehs.nih.gov/docs/ocutox_docs/OcularPRPRept2009.pdf  
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2.0 ICCVAM Recommendations for the AMCP Testing Strategy 

2.1 ICCVAM Recommendations: Test Method Usefulness and Limitations 
Given the limitations of the available database for the three in vitro test methods (i.e., BCOP, CM, 
and EO), there is currently insufficient data with which to adequately demonstrate that the AMCP 
testing strategy using these test methods can identify all four EPA ocular hazard categories. 

Of the 228 AMCPs included in the validation database, none has been tested in all three in vitro test 
methods. There are a limited number of AMCPs (n=28) that have been tested in both the BCOP and 
EO test methods. However, of these, there is only one EPA Category II substance and only four EPA 
Category III substances (based on Draize rabbit eye test data). Therefore, although the performance of 
the alternate AMCP testing strategy using the BCOP and EO test methods appears to be useful for 
identifying EPA Category I substances using the BCOP test method and EPA Category IV substances 
using the EO test method, there is insufficient data with which to adequately demonstrate that this 
strategy can identify all four EPA ocular hazard categories. 

Therefore, ICCVAM concludes that there are not enough data to support the AMCP testing strategy 
in terms of the proposed test method usefulness and limitations (i.e., the classification of substances 
in all four EPA ocular hazard categories). ICCVAM also concludes that there are insufficient 
available data on which to base definitive recommendations on the alternate AMCP testing strategy 
for classifying substances in all four EPA ocular hazard categories. 

2.1.1 Independent Peer Review Panel Conclusions and Recommendations 
The Panel concurred with ICCVAM’s conclusion that there are not enough data to support the AMCP 
testing strategy in terms of the proposed test method usefulness and limitations (i.e., the classification 
of substances in all four EPA ocular hazard categories). Likewise, the Panel also concluded that there 
were insufficient available data on which to base definitive recommendations on the alternate AMCP 
testing strategy for classifying substances in all four EPA ocular hazard categories. 

The Panel indicated that a retrospective evaluation of results in more than one test method can be 
considered adequate for the evaluation of test method performance. Retrospective studies must 
include an audit of the data to determine quality, comprehensiveness, and the number and severity of 
data errors. However, given the lack of available data for substances tested in more than one of the 
proposed test methods included in the strategy, the Panel concluded that any definitive 
recommendations should be based on prospective testing of a list of reference substances in each of 
the proposed in vitro test methods. 

2.2 ICCVAM Recommendations: Test Method Protocol 
The detailed test method protocols included in the AMCP BRD (Appendix C, Annex I) use a variety 
of endpoints to predict ocular irritation potential. While these test method protocols have not been 
adequately validated for use in the AMCP testing strategy, decision criteria have been developed to 
correspond to the four different categories of ocular irritation defined by the EPA hazard 
classification system (i.e., EPA Categories I, II, III, and IV). 

Concurrent positive and negative controls should be included in each study. Additionally, ICCVAM 
recommends that appropriate benchmark controls should be defined for each hazard category. 
Periodic testing (i.e., at intervals < 6 months) of these benchmark controls should be performed in 
laboratories that regularly conduct an in vitro testing strategy. Users should be aware that a negative 
study result will have ramifications on test substance results obtained in the interval between the last 
acceptable benchmark control study and the unacceptable benchmark control study. ICCVAM 
recommends using the updated ICCVAM protocols for the BCOP, CM, and EO test methods that are 
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included as appendices to this report (Appendix B). In addition, all future studies intended to further 
characterize the usefulness and limitations of these test methods (i.e., BCOP, CM, and EO) should be 
conducted using the ICCVAM recommended protocols. 

2.2.1 Independent Peer Review Panel Conclusions and Recommendations 
The Panel concluded that the available data supported the ICCVAM recommendations for the ocular 
test method procedures in terms of the proposed test method protocols. 

2.3 ICCVAM Recommendations: Future Studies 
Given the limitations in the validation database, a reference list of AMCPs (for which high quality 
Draize rabbit eye test data are available) should be tested prospectively in each of the proposed test 
methods (i.e., BCOP, CM, and EO) to allow for a more complete evaluation of the usefulness and 
limitations of the AMCP testing strategy. 

The following additional recommendations are made: 

• Future test methods should consider cells and tissue constructs of cornea/conjunctiva 
origins. 

• Industry stakeholders are encouraged to provide strategies and approaches that are 
currently used for corporate decisions on product safety in an integrated decision 
strategy, including the various types of data and information and the respective 
qualitative and quantitative decision criteria. 

• ICCVAM encourages users to provide all data that are generated from future studies, as 
they could be used to further characterize the usefulness and limitations of an in vitro 
testing strategy. 

2.3.1 Independent Peer Review Panel Conclusions and Recommendations 
The Panel concluded that additional testing would expand existing databases and could be used to 
optimize test method decision criteria. Additional studies recommended by the Panel are reflected in 
the ICCVAM recommendations detailed above. The Panel also concluded that additional studies 
should not focus on the use of the EO test method alone because it considered the use of an in vitro 
testing strategy more promising.  

2.4 ICCVAM Recommendations: Performance Standards 
Based on the available data and associated performance described in Sections 3.2 and 3.4, ICCVAM 
recommends that the development of performance standards for the AMCP testing strategy is not 
warranted at this time. 

2.4.1 Independent Peer Review Panel Conclusions and Recommendations 
The Panel concluded that the development of performance standards for the AMCP testing strategy 
was not warranted at this time. 
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3.0 Validation Status of the AMCP Testing Strategy 
The information in the ICCVAM final AMCP summary review document (Appendix C) is 
summarized below. The SRD reviews the available data and information for the AMCP testing 
strategy. It describes the current validation status of the AMCP testing strategy, including what is 
known about its reliability and accuracy, the scope of the substances tested, and standardized 
protocols used for the validation study. 

3.1 Test Method Description 

3.1.1 AMCP Testing Strategy 
The AMCP testing strategy (Figure 3-1) proposed in the AMCP BRD (Appendix C, Annex I) 
comprises three in vitro test methods: the BCOP, CM, and EO. Each test method includes decision 
criteria developed to correspond to the four ocular irritation categories defined in the EPA hazard 
classification system. The BCOP, CM, and EO test methods use a variety of endpoints to predict 
ocular irritation potential. 

The two primary endpoints for the BCOP test method are the extent of corneal opacity and the 
permeability. Both are measured and used to calculate an in vitro irritancy score (IVIS).4  

• IVIS > 75 = EPA Category I 
• IVIS > 25 and < 75 = EPA Category II 
• IVIS < 25 = EPA Category III 

Because the data points from EPA Category III and Category IV overlap and it's impossible to assign 
a cutoff value, the AMCP BRD does not propose BCOP decision criteria for EPA Category IV. 
Histopathology evaluation of the affected tissue is an optional endpoint. 

The endpoint for the CM test method is the estimated concentration of a test substance needed to 
reduce the basal metabolic rate of L929 cells by 50% (MRD50).  

• MRD50 < 2 mg/mL = EPA Category I 
• MRD50 ≥ 2mg/mL and < 80 mg/mL = EPA Category III 
• MRD50 ≥ 80 mg/mL = EPA Category IV 

The AMCP BRD does not propose CM decision criteria for EPA Category II because the data points 
from EPA Category I and Category II overlap making it impossible to assign a cutoff value. 

The endpoint for the EO test method is the time needed to reduce cell viability by 50% (ET50).  

• ET50 < 4 min = EPA Category I 
• ET50 ≥ 4 min and < 70 min = EPA Category III 
• ET50 ≥ 70 mg/mL = EPA Category IV 

The AMCP BRD does not propose EO decision criteria for EPA Category II because the database 
includes only one EPA Category II substance. 

                                                 
4 The in vitro irritancy score (IVIS) is calculated as the sum of the mean corrected opacity value (± standard 

deviation [SD]) and 15 times the mean corrected permeability value (OD490 units ± SD). 
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Figure 3-1 Combining the BCOP, CM, and EO Test Methods into a Testing Strategy: 
AMCP Testing Strategy 

 

 

In the AMCP testing strategy (Figure 3-1), the first test method used depends on knowledge of the 
chemical properties of the test substance. If the test substance is an oxidizer, which suggests that it 
will be an ocular corrosive/severe irritant, it is first tested in the BCOP test method. As noted above, 
test substances that produce an IVIS ≥ 75 would be classified as EPA Category I. If a test substance 
produces an IVIS < 75, further assessment using histopathology evaluation can determine whether it 
meets the criteria for classification as EPA Category I, II, or III. 

To determine whether the test substance is EPA Category III or IV, the test substance is subsequently 
tested in either the CM or EO test method. Selection of the CM or EO test method depends on the 
water solubility of the test substance. Water-soluble substances can be tested in either the CM test 

Oxidizing 
Chemistry? 

Water 
Soluble? 

A 

BCOP 
EO CM B 

In Vitro 
Score  
≥ 75 ? 

Perform 
Histology 

Category 
I, II, III Category 

I 

No No 

No 

No 

Yes Yes Yes 

Yes 

Evaluate 
Components 

Expected 
Severe or 
Moderate? 

Category 
I, III, IV 

To separate 
II from I, 
Go to B 

To separate 
III from IV, 

Go to A 

ICCVAM AMCP Evaluation Report

6



method or the EO test method, but water-insoluble substances must be tested in the EO test method to 
determine their final hazard classification. 

3.1.2 Combining the BCOP and EO Test Methods into a Testing Strategy: Alternate 
AMCP Testing Strategy 

None of the 228 substances has been tested in all three of the in vitro test methods included in the 
AMCP testing strategy. There were also concerns about the validation status of the low volume eye 
test (LVET), which was used as the in vivo reference test method for all of the CM test method data. 
Therefore, ICCVAM evaluated an alternate AMCP testing strategy (Figure 3-2) that includes only 
the BCOP and EO test methods. In the alternate AMCP testing strategy, the BCOP test method would 
be used to identify EPA Category I or II substances, and the EO test method would be used to identify 
EPA Category III or IV substances. 

ICCVAM evaluated two approaches in the alternate AMCP testing strategy: (1) test in the BCOP test 
method first and then in the EO test method or (2) test in the EO test method first and then in the 
BCOP test method. In the first proposed approach, the BCOP test method would classify all EPA 
Category I and II substances. The EO test method would then classify all other substances as either 
EPA Category III or IV.  

In the second proposed approach, the EO test method would classify all EPA Category III and IV 
substances. All other substances would then be tested in the BCOP test method and classified as 
either EPA Category I or II. 

Figure 3-2 Combining the BCOP and EO Test Methods into a Testing Strategy: Alternate 
AMCP Testing Strategy 
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3.2 Validation Database 

3.2.1 Rationale for the Substances or Products Included in the AMCP Testing 
Strategy 

The validation database for the AMCP BRD included 228 substances (Appendix C, Annex I). These 
include 68 substances tested in the BCOP test method, 105 substances tested in the CM test method, 
and 55 substances tested in the EO test method. None of the 228 substances has been tested in all 
three of the proposed in vitro test methods (i.e., BCOP, CM, and EO). It should be noted that, 
according to the submitter, “a minimum 28 of the materials are EPA registered antimicrobial cleaning 
products, with eight additional materials being in-use dilutions of concentrates which are EPA 
registered” (Rodger Curren, personal communication). 

The distribution of product categories differed for each test method (Table 3-1). Most of the 
105 substances tested in CM test method are surfactants (78% [82/105]) and solvents (17% [18/105]). 
The 68 substances tested in the BCOP test method and the 55 substances tested in the EO test method 
are relatively equally distributed among alkalis, oxidizers, solvents, and surfactants (approximately 
20% to 30% each). 

Table 3-1 Distribution of Product Categories Evaluated in the AMCP Testing Strategy 

Number of Substances Tested Per Test Method 
Product 

Categories Cytosensor 
Microphysiometer EpiOcular™  BCOP Total 

Solvents 18 10 12 39 
Oxidizers 0 13 16 33 

Surfactants 82 17 18 114 
Acids 1 2 7 10 
Bases 4 11 14 29 
Others 0 2 1 3 
Total 105 55 68 228 

Abbreviations: AMCP = antimicrobial cleaning product; BCOP = bovine corneal opacity and permeability. 

 

3.2.2 Rationale for the Substances or Products Included in the Alternate AMCP 
Testing Strategy 

Only 28 substances tested in both the BCOP and EO and test methods were also tested in the Draize 
rabbit eye test. Therefore, ICCVAM limited its evaluation of the alternate AMCP testing strategy to 
these 28 substances. These substances included five surfactants, two acids, ten alkalis, four oxidizers, 
six solvents, and one “other” (or nonspecified) (Table 3-2). The Draize rabbit eye test classified only 
one as EPA Category II and only four as EPA Category III (Table 3-2). 
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Table 3-2 Distribution of Product Categories Evaluated in the Alternate AMCP Testing 
Strategy 

In Vivo Draize Classification — EPA Product 
Category 

Number of 
Products Tested I II III IV 

Surfactant 5 0 0 2 3 
Acid 2 0 0 1 1 

Alkali 10 9 1 0 0 
Oxidizer 4 3 0 0 1 
Solvent 6 2 0 1 3 
Other 1 0 0 0 1 
Total 28 14 1 4 9 

Abbreviations: AMCP = antimicrobial cleaning product; EPA = U.S. Environmental Protection Agency 
 

3.3 Reference Test Method Data 
Varied test method protocols were used to generate the in vivo reference data for the 228 substances 
tested in the AMCP testing strategy (Table 3-3). Of the 68 substances tested in the BCOP test 
method, 85% (58/68) were tested using the traditional Draize rabbit eye test protocol (OECD 2002). 
Another 12% (8/68) were tested in a nontraditional protocol (i.e., application of 30 µL instead of 100 
µL or application as an aerosol spray). The remaining 3% (2/68) were tested in the LVET. The LVET 
is a modification of the Draize rabbit eye test that involves application of 10 µL of the test substance 
directly to the corneal surface rather than application of 100 µL of the test substance into the 
conjunctival sac. All 105 substances tested in the CM test method were tested in the LVET. Of the 
55 substances tested in EO test method, 55% (30/55) were tested in the Draize rabbit eye test. Forty-
five percent (25/55) were tested in the LVET. None of the 228 substances was tested in both the 
Draize rabbit eye test and the LVET. 

Table 3-3 Distribution of In Vivo Reference Data 

Draize1 
Test Method Number of 

AMCPs Tested LVET 
Traditional Nontraditional 

LVET and 
Draize 

BCOP 68 2 582 83 0 
CM 105 105 0 0 0 
EO 55 25 30 0 0 

Total 228 132 88 8 0 
Abbreviations: AMCP = antimicrobial cleaning product; BCOP = bovine corneal opacity and permeability; CM = 

Cytosensor Microphysiometer; EO = EpiOcular™; LVET = low volume eye test 
1 The traditional Draize protocol involves instillation of 0.1 mL of test substance into the conjunctival sac of a rabbit eye. 

The nontraditional Draize protocol doses with 0.03 mL of test substance into the conjunctival sac of a rabbit eye. 
2 The dose volume for one substance was not provided. It was included in the traditional Draize total. 
3 One of the substances was evaluated as an aerosol sprayed directly on the cornea for one second. 
 
The alternate AMCP testing strategy is based on the results for the 28 substances that (1) were tested 
in both the BCOP and the EO test methods (see Table 3-2) and (2) were also tested in the Draize 
rabbit eye test and qualified for assignment of an EPA ocular hazard classification. 
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3.4 Test Method Accuracy 

3.4.1 The Bovine Corneal Opacity and Permeability Test Method 
The accuracy of the overall EPA classification was 55% (36/66) (Table 3-4) in the validation 
database of 66 substances tested in both the BCOP test method and the Draize rabbit eye test. Of 
these, the BCOP test method had only 60% (3/5) accuracy in identifying EPA Category II substances 
and 50% (6/12) accuracy in identifying EPA Category III substances. The BCOP correctly identified 
90% (27/30) of the substances classified as EPA Category I by the Draize rabbit eye test.  

Among the three EPA Category I substances that were underpredicted as EPA Category II by the 
BCOP test method, two were oxidizers and one was a base. It should be noted that the base would be 
correctly identified if the decision criteria were IVIS ≥ 55.1, as recommended in the 2006 ICCVAM 
BRD (ICCVAM 2006a), instead of IVIS ≥ 75 as proposed in the AMCP BRD (Appendix C, 
Annex I). However, such a change in decision criteria would also result in the overprediction of two 
EPA Category II substances (one oxidizer and one acid) and one EPA Category III substance (a base) 
as EPA Category I. 

Among the EPA Category II substances that were incorrectly identified by the BCOP test method, 
one (a base) was underclassified as EPA Category III. One (an oxidizer) was overclassified as EPA 
Category I. The six EPA Category III substances incorrectly identified by the BCOP test method were 
overclassified as either EPA Category II (one solvent, one base, and one surfactant) or EPA Category 
I (two oxidizers and one base). Because the AMCP BRD does not propose BCOP decision criteria for 
EPA Category IV, the BCOP test method overpredicted 19 substances. The BCOP identified two as 
EPA Category II (both solvents) and 17 as EPA Category III (8 surfactants, 3 solvents, 3 acids, one 
base, one oxidizer, and one “other”). 

To assess the use of histopathology evaluation, BCOP test method data with histopathology 
evaluation were compared to BCOP test method data only. Seventeen substances had BCOP test 
method data with histopathology evaluation. As noted in Table 3-5, the overall accuracy for EPA 
hazard classifications (i.e., EPA Category I, II, III, and IV) was reduced from 41% (7/17) to 
35% (6/17) with histopathology evaluation. Using histopathology evaluation with the BCOP test 
method removed one of the EPA Category I false negatives, but added three EPA Category II false 
positives. 
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Table 3-5 Comparison of the BCOP Test Method and the BCOP Test Method Using 
Histopathology Evaluation 

Draize Test 
Category I Category II Category III Category IV1 EPA 

Overall 
Classifi-
cation Actual Under Over Actual Under Over Actual Under Over Actual 

BCOP2  
only 

41% 
(7/17) 

50% 
(3/6) 

50% 
(3/6) 

0% 
(0/4) 

75% 
(3/4) 

25% 
(1/4) 

75% 
(3/4) 

25% 
(1/4) 

0% 
(0/4) 

100% 
(3/3) 

0% 
(0/3) 

BCOP2 
with 

histopath-
ology 

35% 
(6/17) 

67% 
(4/6) 

33% 
(2/6) 

75% 
(3/4) 

25% 
(1/4) 

0% 
(0/4) 

75% 
(3/4) 

25% 
(1/4) 

0% 
(0/4) 

100% 
(3/3) 

0% 
(0/3) 

Abbreviations: BCOP = bovine corneal opacity and permeability 
1 The BCOP test method decision criteria do not propose to identify EPA Category IV substances. 
2 The BCOP test method was based on the use of decision criteria with a cutoff for corrosives/severe irritants of ≥ 75 tested 

with a 10-minute exposure time. 
 

3.4.2 The Cytosensor Microphysiometer Test Method 
The validation database included 108 substances tested in both the CM test method and the LVET 
(Table 3-4). Accuracy of the overall EPA classification (i.e., EPA Category I, II, III, and IV) was 
30% (32/108). It should be noted that the database consisted of 105 unique substances because three 
substances were tested twice. The CM overclassified the majority of substances classified by the 
LVET as EPA Category II, III, and IV. Overclassification included 100% (11/11) of the EPA 
Category II substances, 67% (40/60) of the EPA Category III substances, and 89% (25/28) of the 
EPA Category IV substances. Among the 25 overclassified EPA Category IV substances, 16% (4/25; 
all surfactants) were classified by the CM test method as EPA Category I, and 84% (21/25; 
6 solvents, 2 bases, and 13 surfactants) were classified by the CM test method as EPA Category III. 
Because decision criteria for the CM test method are not proposed in the AMCP BRD for EPA 
Category II, all EPA Category II or III substances that were overclassified by the CM test method 
were classified as EPA Category I. All but one of the 40 EPA Category III substances (a solvent) that 
were overclassified by the CM test method were surfactants. All 11 of EPA Category II substances 
that were overclassified by the CM test method were surfactants. All nine of the EPA Category I 
substances (all surfactants) were correctly identified. None of the irritant categories (i.e., EPA 
Category I, II, or III) were underpredicted by the CM test method. 

3.4.3 The EpiOcular Test Method 
Among the 55 substances tested in the EO test method (Table 3-4), 30 were also tested in the Draize 
rabbit eye test (29 qualified for EPA hazard classification [i.e., one substance producing a Draize 
score greater than 1 was not evaluated through day 21 as required by EPA]), and 25 were tested in the 
LVET. Based on the database of 29 substances tested in both the EO test method and the Draize 
rabbit eye test, accuracy of the overall EPA classification (i.e., EPA Category I, II, III, and IV) was 
76% (22/29). Among the four EPA Category III substances, 75% (3/4) were correctly identified by 
the EO test method. The one substance incorrectly identified (a base) was overclassified as EPA 
Category I. Among the nine EPA Category IV substances, 44% (4/9) were correctly identified. Four 
of the five incorrectly identified substances were overclassified as EPA Category III (two solvents, 
one acid, and one surfactant). The remaining substance (a surfactant) was overclassified as EPA 
Category I. The EO test method correctly identified all of the EPA Category I substances (15/15, 
including 12 bases, two solvents, and one “other”). 
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The EO test method correctly classified 44% (11/25) of the 25 substances tested in both the EO test 
method and the LVET (Table 3-4). Among the 12 substances classified by the LVET as EPA 
Category III, the EO test method correctly identified 67% (8/12). The four substances incorrectly 
identified (two surfactants and two oxidizers) were overclassified as EPA Category I. The EO test 
method did not correctly identify any of the nine EPA Category IV substances. Forty-four percent 
(4/9: three surfactants and one solvent) were overclassified as EPA Category III, and 56% (5/9: three 
oxidizers and two solvents) were overclassified as EPA Category I. The EO test method correctly 
identified all of the EPA Category I substances (3/3: two oxidizers and one surfactant). 

3.4.4 AMCP Testing Strategy 
Table 3-4 summarizes the performance of each test method included in the AMCP testing strategy. 
None of the 228 substances included in the AMCP BRD was tested in all three of the proposed in 
vitro test methods. Therefore, no data are available with which to characterize the actual performance 
of the AMCP testing strategy that includes all three test methods: the BCOP, CM, and EO. 

3.4.5 Alternate AMCP Testing Strategy 
Twenty-eight substances with Draize rabbit eye test data were tested in both the BCOP and EO test 
methods. In the alternate AMCP testing strategy, the BCOP test method is intended to identify only 
EPA Category I and II substances. The EO test method is intended to identify only EPA Category III 
and IV substances. As described in Section 3.1.2, the alternate AMCP testing strategy could follow 
one of two approaches. The performance of the alternate AMCP testing strategy was the same 
(Table 3-6) regardless of which approach was used.  

The alternate AMCP testing strategy correctly classified 79% (22/28) of the substances. Among these, 
it correctly identified all of the EPA Category I substances (14/14), all of the EPA Category III 
substances (4/4), and 44% (4/9) of the EPA Category IV substances. The one EPA Category II 
substance was underpredicted as EPA Category III. Furthermore, classification of the BCOP data 
using either the decision criteria in the AMCP BRD (Appendix C, Annex I) (IVIS ≥ 75 for EPA 
Category I) or in the 2006 ICCVAM BRD (IVIS ≥ 55 for EPA Category I) yielded identical results. 
All BCOP classifications, including high-solvent substances, used a 10-minute exposure time. When 
using 3-minute data for high solvents, the overall classification was 74% (17/23). Five high-solvent 
substances did not have 3-minute data; therefore, they cannot be considered in this analysis. It should 
be noted that, based on this limited database of 28 substances, the performance of the EO test method 
alone is the same as that of the alternate AMCP testing strategy. 

Table 3-6  Performance of AMCPs Tested in Both the BCOP and EO Test Methods 

Draize  
I II III IV EPA 

Overall 
Classifi-
cation Actual Under Over Actual Under Over Actual Under Over Actual 

Approach 
1 

79% 
(22/28) 

100% 
(14/14) 

0% 
(0/14) 

0% 
(0/1) 

0% 
(0/1) 

100% 
(1/1) 

0% 
(0/4) 

100% 
(4/4) 

0% 
(0/4) 

56% 
(5/9) 

44% 
(4/9) 

Approach 
2 

79% 
(22/28) 

100% 
(14/14) 

0% 
(0/14) 

0% 
(0/1) 

0% 
(0/1) 

100% 
(1/1) 

0% 
(0/4) 

100% 
(4/4) 

0% 
(0/4) 

56% 
(5/9) 

44% 
(4/9) 

Abbreviations: AMCP = antimicrobial cleaning product; BCOP = bovine corneal opacity and permeability; EO = 
EpiOcular™; EPA = U.S. Environmental Protection Agency. 

Approach 1 = Test in the BCOP test method first to classify as either EPA Category I or II and then in the EO test method to 
identify EPA Category III and IV. 

Approach 2 = Test in the EO test method first to classify as either EPA Category III or IV and then in the BCOP test method 
to identify EPA Category I and II. 
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3.5 Test Method Reliability 

3.5.1 The Bovine Corneal Opacity and Permeability Test Method 
Intralaboratory repeatability is determined by comparing within-experiment runs of a test substance. 
Intralaboratory repeatability for the BCOP test method was quantitatively determined for 67 AMCPs 
(four substances have repeat tests) as the mean %CV for opacity, permeability, and IVIS (AMCP 
BRD; Appendix C, Annex I). Because a very low IVIS significantly affects %CV, the overall mean 
%CV calculations did not include substances with an IVIS ≤ 10 (arbitrarily set in the AMCP BRD). 
The overall mean %CVs for opacity, permeability, and IVIS were 21%, 25%, and 18%, respectively. 

These 67 test substances, tested in a total of 75 runs, were also qualitatively evaluated for their 
concordance using the EPA (EPA 2003) and GHS (UN 2007) ocular hazard classification systems 
(AMCP BRD Supplement; Appendix C, Annex II). For the EPA and GHS classification systems, 
there was 100% agreement among the corneas in 63 of the 75 runs (84%). There was 67% agreement 
in 11 of 75 runs (15%) and 60% agreement in one of 75 runs (1%). Of the 12 runs in which the test 
corneas were not in 100% agreement, seven had reactive chemistries, two were alkalis, two were 
surfactants, and one was an acid. 

Intralaboratory repeatability for the BCOP test method has been quantitatively determined for non-
AMCPs predicted as ocular corrosives/severe irritants in the BCOP test method in three studies 
(16-52 substances) (ICCVAM 2006a). The mean %CV for IVIS ranged from 39% to 71%. 

Intralaboratory reproducibility is determined by comparing between-experiment runs of a test 
substance. For the BCOP test method, intralaboratory reproducibility was quantitatively determined 
for five AMCPs. For these five substances (2–6 experiments), the mean %CV for IVIS was 20% (see 
Section 7.3 of the AMCP BRD, Appendix C, Annex I). 

These test substances were also qualitatively evaluated for their concordance using the EPA (EPA 
2003) and GHS (UN 2007) ocular hazard classification systems (see Section 3.2 of the AMCP BRD 
Supplement, Appendix C, Annex II). The five test substances had 100% agreement in the EPA and 
GHS classification systems. 

Intralaboratory reproducibility for the BCOP test method has been quantitatively determined for non-
AMCPs predicted as ocular corrosives/severe irritants in the BCOP test method (ICCVAM 2006a). In 
one study composed of 25 surfactant-based personal care cleaning formulations, the mean %CV for 
permeability values was 33%. In the second study, the mean %CV for IVIS ranged from 13% to 15% 
for 16 test substances. 

Interlaboratory reproducibility is determined by comparing between-laboratory runs of a test 
substance. Interlaboratory reproducibility for the BCOP test method could not be determined 
specifically for the AMCPs presented in the AMCP BRD (Appendix C, Annex I) because only one 
laboratory conducted the testing. 

Interlaboratory reproducibility for the BCOP test method has been quantitatively determined for non-
AMCPs predicted as ocular corrosives/severe irritants in the BCOP test method (ICCVAM 2006a). In 
three studies (3–12 laboratories each), the mean %CV for IVIS ranged from 25% to 36%. The study 
results were also qualitatively evaluated for their concordance using the EPA (EPA 2003), EU (EU 
2001), and GHS (UN 2007) ocular hazard classification and labeling systems (ICCVAM 2006a). 

3.5.2 The Cytosensor Microphysiometer Test Method 
Reliability for the CM test method could not be evaluated specifically for AMCPs due to insufficient 
data. However, quantitative evaluations of reliability were conducted based on non-AMCPs tested in 
the CM test method (Appendix C, Annexes I and II). 
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Intralaboratory repeatability for the CM test method was quantitatively evaluated for non-AMCPs in 
seven studies of one to 35 test substances each (Appendix C, Annexes I and II). The mean 
% coefficient of variation (CV) for MRD50 values for all materials tested, including surfactant and 
nonsurfactant materials, ranged from 6% to 25%. 

Intralaboratory reproducibility was quantitatively determined for non-AMCPs in one laboratory 
(16 substances) (Appendix C, Annex I). The mean %CV for MRD50 values for all materials tested, 
including surfactant and nonsurfactant materials, was 25%. 

Interlaboratory reproducibility for the CM test method was quantitatively determined for non-AMCPs 
in two studies (2–4 laboratories each) (Appendix C, Annex I and II). The mean %CV for MRD50 
values for all materials tested, including surfactant and nonsurfactant materials, ranged from 17% to 
51%. Nonsurfactant materials had a higher mean %CV in each study. 

3.5.3 The EpiOcular Test Method 
Intralaboratory repeatability for the EO test method was quantitatively determined specifically for a 
subset of 15 AMCPs presented in the AMCP BRD (Appendix C, Annex I). The mean %CV for ET50 
values ranged from 0% to 62%. 

To evaluate concordance using the EPA (EPA 2003) and GHS (UN 2007) ocular hazard classification 
systems (AMCP BRD Supplement, Appendix C, Annex II), qualitative analyses were conducted for 
three AMCPs that were tested more than once at IIVS. There was 100% agreement for all three 
AMCPs in both classification systems. 

Intralaboratory reproducibility for the EO test method was quantitatively determined from repeat 
testing of a single substance (0.3% Triton X-100). Data were presented as combined data from 
MatTek Corporation and IIVS (9-year period) and from IIVS only (8-year period). The mean %CV 
for ET50 values was 21% and 22%, respectively. 

Interlaboratory reproducibility for the EO test method cannot be determined specifically for the 
AMCPs presented in the AMCP BRD (Appendix C, Annex I) because only one laboratory 
conducted the testing. However, interlaboratory reproducibility for the EO test method was 
quantitatively determined for non-AMCPs in a phased validation study of surfactants and surfactant-
containing products. The validation study is summarized in the AMCP BRD (Appendix C, Annex I). 
The mean %CVs ranged from 12% to 18%. However, it should be noted that this evaluation was 
based on an EO protocol that uses relative percent viability to assign an irritancy classification 
(irritant or nonirritant). It did not use a calculated ET50 value to predict the EPA ocular hazard 
category. This protocol is included in the AMCP BRD. 

These test substances were also qualitatively evaluated for their concordance using the EPA (EPA 
2003) and GHS (UN 2007) ocular hazard classification systems (AMCP BRD Supplement; 
Appendix C, Annex II). Using either the EPA or GHS classification systems in Phase II of the 
validation study, there was 100% agreement for 14/19 (74%) substances, 75% agreement for 
2/19 (11%) substances, and 50% agreement for 3/19 (16%) substances among four laboratories. In 
Phase III of the validation study using the EPA or GHS ocular hazard classification systems, there 
was 100% agreement for 51/54 (94%) substances and 0% agreement for 3/54 (6%) substances in two 
laboratories. 

3.6 Animal Welfare Considerations: Reduction, Refinement, and Replacement 
The AMCP testing strategy proposed in the AMCP BRD is a non-animal approach for classifying and 
labeling AMCPs, as is the alternate AMCP testing strategy. 
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Bovine eyes used in the BCOP test method are obtained post mortem from animals that are being 
used for food. The CM test method uses L929 cells, a commercially available mouse cell line. The 
EO test method uses primary human keratinocytes obtained from human donors during routine 
surgical procedures. 
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4.0 ICCVAM Consideration of Public and SACATM Comments 
The ICCVAM evaluation process incorporates a high level of transparency. This process is designed 
to provide numerous opportunities for stakeholder involvement, including submitting written public 
comments and providing oral comments at ICCVAM independent peer review panel meetings and 
SACATM meetings. Table 4-1 lists the nine opportunities for public comments during the ICCVAM 
evaluation of the validation status of alternative ocular safety testing methods and approaches. The 
number of public comments received is also indicated. Thirty-seven comments were submitted. 
Comments received in response to or related to Federal Register notices (Appendix E) are also 
available on the NICEATM-ICCVAM website.5 The following sections, delineated by Federal 
Register notice, briefly discuss the public comments received. 

Table 4-1 Opportunities for Public Comments 

Opportunities for Public Comments Date 
Number of Public 

Comments 
Received 

70 FR 13512: Request for Data on Non-Animal Methods and 
Approaches for Determining Skin and Eye Irritation Potential 
of Antimicrobial Cleaning Product Formulations; Request for 
Nominations for an Independent Expert Panel 

March 21, 2005 0 

72 FR 26396: Request for Data on the Use of Topical 
Anesthetics and Systemic Analgesics for In Vivo Eye 
Irritation Testing 

May 9, 2007 1 

72 FR 31582: Request for Ocular Irritancy Test Data From 
Human, Rabbit, and In Vitro Studies Using Standardized 
Testing Methods 

June 7, 2007 0 

73 FR 18535: Non-Animal Methods and Approach for 
Evaluating Eye Irritation Potential for Antimicrobial 
Cleaning Products (AMCPs): Request for Nominations for an 
Independent Expert Panel and Submission of Relevant Data 

April 4, 2008 12 

74 FR 14556: Announcement of an Independent Scientific 
Peer Review Panel on Alternative Ocular Safety Testing 
Methods; Availability of Draft Background Review 
Documents (BRD); Request for Comments 

March 31, 2009 8 

74 FR 19562: Meeting of the Scientific Advisory Committee 
on Alternative Toxicological Methods (SACATM) April 29, 2009 2 

Independent Scientific Peer Review Panel Meeting: 
Alternative Ocular Safety Testing Methods May 19–21, 2009 12 

SACATM Meeting, Arlington Hilton, Arlington, VA June 25–26, 2009 2 
74 FR 33444: Independent Scientific Peer Review Panel 
Report: Evaluation of the Validation Status of Alternative 
Ocular Safety Testing Methods and Approaches; Notice of 
Availability and Request for Public Comments 

July 13, 2009 0 

                                                 
5 Available at http://ntp-apps.niehs.nih.gov/iccvambp/searchPubCom.cfm 
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4.1 Public Comments in Response to 70 FR 13512 (March 21, 2005) 
Request for Data on Non-Animal Methods and Approaches for Determining 
Skin and Eye Irritation Potential of AMCP Formulations; Request for 
Nominations for an Independent Expert Panel 

NICEATM requested (1) submission of data that would assist in evaluating the validation status of 
non-animal methods and approaches used for determining the skin and eye irritation potential of 
AMCP formulations to meet regulatory hazard classification and labeling purposes and 
(2) nominations of expert scientists to serve as members of an independent peer review panel. 

No data or nominations were received in response to this Federal Register notice. 

4.2 Public Comments in Response to 72 FR 26396 (May 9, 2007) 
Request for Data on the Use of Topical Anesthetics and Systemic Analgesics for 
In Vivo Eye Irritation Testing 

NICEATM requested submission of (1) data and information on the use of topical anesthetics and 
systemic analgesics for alleviating pain and distress in rabbits during eye irritation testing and 
(2) information about other procedures and strategies that may reduce or eliminate pain and distress 
associated with in vivo eye irritation methods. 

In response to this Federal Register notice, NICEATM received one comment. This comment was 
not relevant to the AMCP testing strategy or the three in vitro test methods (i.e., BCOP, CM, and EO) 
included in the AMCP testing strategy. 

4.3 Public Comments in Response to 72 FR 31582 (June 7, 2007) 
Request for Ocular Irritancy Test Data From Human, Rabbit, and In Vitro 
Studies Using Standardized Test Methods 

NICEATM requested data on substances tested for ocular irritancy in humans, rabbits, and/or in vitro 
to be used to: 

• Review the state of the science in regard to the availability of accurate and reliable in 
vitro test methods for assessing the range of potential ocular irritation activity, including 
whether ocular damage is reversible or not 

• Expand NICEATM’s high-quality ocular toxicity database. In vitro test methods for 
which data are sought include but are not limited to (1) the bovine corneal opacity and 
permeability test, (2) the isolated rabbit eye test, (3) the isolated chicken eye test, and (4) 
the hen’s egg test–chorioallantoic membrane. 

No data or information was received in response to this Federal Register notice. 

4.4 Public Comments in Response to 73 FR 18535 (April 4, 2008) 
Non-Animal Methods and Approach for Evaluating Eye Irritation Potential for 
Antimicrobial Cleaning Products: Request for Nominations for an Independent 
Expert Panel and Submission of Relevant Data 

NICEATM requested the following: 

• Nominations of expert scientists to serve as members of an independent peer review 
panel 

• Submission of relevant data and information on AMCPs or related substances obtained 
from (1) human testing or experience, including reports from accidental exposures, and 
(2) rabbit testing using the standard eye test or the LVET 
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• In vitro ocular safety test methods such as the bovine corneal opacity and permeability 
test method, the Cytosensor Microphysiometer test method, and the EpiOcular test 
method, including data supporting the accuracy and reproducibility of these methods 

In response to this Federal Register notice, NICEATM received 12 comments, including nominations 
of 20 potential panelists. The nominees were included in the database of experts from which the Panel 
was selected. No additional data were received. 

4.5 Public Comments in Response to 74 FR 14556 (March 31, 2009) 
Announcement of an Independent Scientific Peer Review Panel on Alternative 
Ocular Safety Testing Methods; Availability of Draft Background Review 
Documents; Request for Comments 

NICEATM requested public comments on the draft BRDs, SRDs, and draft ICCVAM test method 
recommendations that were provided to an independent scientific peer review panel meeting 
(May 19–21, 2009). These documents summarized the current validation status of several test 
methods and testing strategies for identifying potential ocular irritants. The test methods and testing 
strategies included the following: 

• A testing strategy that proposes the use of three in vitro test methods to assess the eye 
irritation potential of AMCPs 

• Four in vitro test methods for identifying moderate (EPA Category II, UN Globally 
Harmonized System of Classification and Labelling of Chemicals [GHS] Category 2A) 
and mild (EPA Category III, GHS Category 2B) ocular irritants and substances not 
classified as ocular irritants (EPA Category IV, GHS Not Classified) 

• The in vivo LVET 
• A proposal for the routine use of topical anesthetics, systemic analgesics, and earlier 

humane endpoints to avoid and minimize pain and distress during in vivo ocular safety 
testing 

NICEATM received 20 comments in response to this Federal Register notice. Eight written 
comments were received before the Panel meeting, and 12 oral comments were provided at the Panel 
meeting.  

Public Responses (written) 

Two of the written comments were related to the AMCP testing strategy or one of the three in vitro 
test methods (i.e., BCOP, CM, and EO) included in the AMCP testing strategy. 

Comment: 
One commenter acknowledged that replacement of the Draize rabbit eye test will require 
combinations of in vitro test methods and welcomed further discussions to develop these approaches, 
in particular in the context of the recently established International Cooperation on Alternative Test 
Methods (ICATM). 

ICCVAM Response: 
ICCVAM is fully committed to ICATM and welcomes any discussions that would promote 
harmonization of approaches for validation of in vitro test methods. ICCVAM is working to identify 
integrated testing strategies that could be applied to ocular toxicity testing. 

Comment: 
One commenter provided comments to support the value of the EO test method and outlined a 
proposal for an improved testing strategy for use of the BCOP and EO test methods for determination 
of EPA hazard classification of AMCPs. Specifically, the commenter summarized data from the 
AMCP SRD to indicate that the EO test method can identify EPA Categories I, II, or IV as a stand-
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alone test method and that combining the BCOP and EO test methods did not provide any benefit to 
results obtained with the EO test method alone. 

ICCVAM Response: 
As noted in Section 2.3, ICCVAM recommends that a reference list of AMCPs (for which high-
quality Draize rabbit eye test data are available) should be tested in each of the proposed test methods 
(i.e., BCOP, CM, and EO) to allow more complete evaluation of the usefulness and limitations of an 
in vitro testing strategy. The Panel agreed with the recommendation, having concluded that additional 
studies should not focus on the use of the EO test method alone. The Panel considered the use of an in 
vitro testing strategy more promising. 

Public Responses, Oral 
Twelve oral public comments were provided at the Panel meeting (May 19-21, 2009). Seven of these 
comments were related to the AMCP testing strategy or one of the three in vitro test methods (i.e., 
BCOP, CM, and EO) included in the AMCP testing strategy. 

Comment: 
One commenter indicated that the performance of the BCOP test method was unlikely to improve 
based on the lack of reproducibility with the Draize rabbit eye test in the mild and moderate 
categories. The commenter stated that results from Weil and Scala (1971) show that the extremes 
(i.e., corrosives/severe irritants and substances not labeled as irritants) are reproducible, but the mild 
and moderate levels of ocular irritation are highly variable. The commenter referenced the AMCP 
BRD, which includes an analysis of the impact on the ocular hazard category when the results of a 
six-rabbit Draize test are randomly sampled for a 3-rabbit test. 

ICCVAM Response: 
The Draize rabbit eye test (Draize et al. 1944) has a long history of demonstrated protection of public 
health; therefore, U.S. and international regulatory agencies currently use this test to identify potential 
ocular hazards. Alternatives are accepted only when they demonstrate the ability to provide equal or 
better protection than the reference test method. Given the uncertainty of the results associated with 
the BCOP test method for substances in the mild/moderate irritancy range, the BCOP test method 
cannot be considered a complete replacement at this time. 

Comment: 
One commenter stated that damaged eyes are quickly removed and excluded from the BCOP test 
method and that Gautheron et al. (1992) used both fresh eyes and eyes maintained at 4ºC and found 
no differences in results. The commenter also asked the Panel to reconsider the use of a 
histopathology evaluation in the BCOP test method. 

ICCVAM Response: 
The final ICCVAM recommendations state that a histopathological evaluation of the corneal tissue, 
using standardized procedures, should be included when the BCOP test method is conducted. Such 
data will allow for development of decision criteria and future assessments on the usefulness of this 
endpoint for classifying and labeling substances, especially those that may otherwise produce 
borderline or false negative results. 

Comment: 
One commenter discussed the “top-down” (i.e., screening for corrosives/severe irritants) and 
“bottom-up” (i.e., screening for substances not labeled as irritants) approaches using the ICE and 
BCOP test methods. The commenter stated that ECVAM is developing a paper to recommend the use 
of these testing strategies for both ICE and BCOP. Substances could be tested in the BCOP or ICE 
test methods to identify corrosives/severe irritants or substances not labeled as irritants without using 
an animal test. 
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ICCVAM Response: 
ICCVAM previously recommended the ICE and BCOP test methods for use in a tiered-testing 
strategy, where positive substances can be classified as ocular corrosives/severe irritants without the 
need for animal testing (ICCVAM 2006b). Based on the current evaluation of available data and 
corresponding performance, the original ICCVAM recommendations for the use of the BCOP and 
ICE test methods to identify substances as ocular corrosives/severe irritants remains unchanged. 

Comment: 
One commenter questioned the need for performance standards for the CM test method, given that the 
Panel did not recommend performance standards for the BCOP and ICE test methods. 

ICCVAM Response: 
The final ICCAM recommendations state that the development of performance standards for the CM 
test method is not warranted at this time. 

Comment: 
One commenter indicated that it was appropriate to include EO data that used a different protocol as a 
measure of test method reproducibility. 

ICCVAM Response: 
As stated in the AMCP SRD, ICCVAM notes that the reproducibility of the EO test method is based 
on an EO protocol that uses relative percent viability to assign an irritancy classification (irritant or 
nonirritant). It does not use a calculated ET50 value to predict multiple ocular hazard categories (i.e., 
EPA Categories I–IV). The latter is the protocol included in the AMCP BRD. 

Comment: 
One commenter noted that a small change in classification is seen when the BCOP test method 
decision criterion is changed from 55 to 75. ECVAM considers 55 the best cut-off for their intended 
purpose. 

ICCVAM Response: 
ICCVAM notes that using alternative decision criteria to identify ocular corrosives/severe irritants 
does not improve BCOP test method performance (i.e., IVIS ≥ 75, proposed in the AMCP BRD, 
instead of IVIS ≥ 55.1, per the ICCVAM-recommended BCOP protocol). 

Comment: 
One commenter responded to the concern about the limited number of AMCPs tested, stating that 
most industrial-strength cleaners are severe irritants and household cleaners are mostly mild irritants. 
Very few AMCPs are in the moderate range. 

ICCVAM Response: 
As outlined in the final AMCP SRD, only 28 AMCPs have been tested in both the BCOP and EO test 
methods. Of these, Draize rabbit eye test data classified only one as an EPA Category II substance 
and only four as EPA Category III substances. Therefore, ICCVAM concludes that although the 
performance of the alternate AMCP testing strategy using the BCOP and EO test methods appears 
useful for identifying EPA Category I substances using the BCOP test method and EPA Category IV 
substances using the EO test method, the data are not sufficient to adequately demonstrate that this 
strategy can identify all four EPA ocular hazard categories. 

4.6 Public Comments in Response to 74 FR 19562 (April 29, 2009) 
Meeting of the Scientific Advisory Committee on Alternative Toxicological 
Methods (SACATM) 

NICEATM announced the SACATM meeting (June 25–26, 2009) and requested written and public 
oral comments on the agenda topics.  
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NICEATM received four comments. Two written comments were received before the meeting, and 
two oral comments were provided at the SACATM meeting. 

Public Responses (written) 
Two written public comments were relevant to the AMCP testing strategy or one of the three in vitro 
test methods (i.e., BCOP, CM, and EO) included in the AMCP testing strategy. 

Comment: 
One commenter strongly supported the EPA’s implementation of a pilot program for ocular safety 
labeling for AMCPs. The commenter suggested reserving ICCVAM reviews for tests/strategies with 
multi-agency applicability and adopting a streamlined approach to agency acceptance of 
methods/strategies deemed scientifically valid in other regions of the world. 

ICCVAM Response: 
ICCVAM encourages industry to generate more data using alternative in vitro test methods. Thus, 
EPA’s pilot program for ocular safety labeling for AMCPs, which encourages industry to generate 
and submit data using the test methods in the AMCP testing strategy, should produce important data 
for use in future evaluations. 

Comment: 
One commenter commented on (1) the reason for the extensive peer review of the AMCP submission 
and lack of communication with the consortium regarding this evaluation, (2) the review of the 
validation status of the LVET, and (3) the need to change the scoring system of the LVET to replicate 
the Draize rabbit eye test results. 

ICCVAM Response: 
NICEATM requested additional information and communicated issues and data gaps to 
representatives of the consortium on several occasions before the Panel meeting. Because the LVET 
is not a validated in vivo reference test method, ICCVAM felt it necessary to evaluate the LVET for 
this purpose before using it as the basis for evaluating the validation status of the CM test method, 
where in vitro results for AMCPs were compared exclusively to LVET data. The Panel stated that the 
currently utilized Draize scoring system is not considered relevant to the LVET because it uses 10% 
of the volume. In this regard, the Panel highly recommended development of a more appropriate 
scoring/classification system for the LVET. However, the Panel recommended using existing data for 
a statistical analysis to develop such a classification system. 

Public Responses, Oral 
Two oral public comments were relevant to the AMCP testing strategy or one of the three in vitro test 
methods (i.e., BCOP, CM, and EO) included in the AMCP testing strategy. 

Comment: 
One commenter indicated that there was no need for the substances to be tested in all three of the in 
vitro test methods in the AMCP testing strategy. The commenter also suggested that test method 
developers be allowed greater interaction with the Panel. 

ICCVAM Response: 
Given the limitations of the available database for the three in vitro test methods, both ICCVAM and 
the Panel concluded that the data were not sufficient to support the AMCP testing strategy in terms of 
the proposed test method usefulness and limitations (i.e., the classification of substances in all four 
EPA ocular hazard categories). The agenda for the public peer review panel meeting included 
10 opportunities for public comment, after which the Panel was asked if it had any questions for the 
commenter. As explained during the Panel orientation session before the meeting, the Panel Chair has 
the prerogative to invite additional discussion between the Panel and public commenters/invited 
experts. 
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Comment: 
One commenter questioned the reason for the extensive peer review of the AMCP submission, 
including review of the validation status of the LVET and other test methods, when the EPA 
nominated only the AMCP testing strategy. 

ICCVAM Response: 
The charge to the Panel was clearly communicated, including the specific charge that the EPA and the 
consortium requested of NICEATM-ICCVAM. Given that convening a Panel meeting is a very 
expensive, time-consuming process, NICEATM-ICCVAM wanted to take advantage of this 
international Panel of experts to review other related test methods. It resulted in an aggressive agenda, 
but the Panel was very thorough and took the time for a careful, comprehensive review that has 
benefited the entire effort in this area. 

SACATM Response 
In general, SACATM was pleased overall with the Panel report. One SACATM member expressed 
the need for harmonization in the assessment of performance standards. Another SACATM member 
said the focus should be on the GHS system since it will ultimately be adopted. Another SACATM 
member expressed concern regarding the availability of the CM instrument. 

4.7 Public Comments in Response to 74 FR 33444 (July 13, 2009) 
Independent Scientific Peer Review Panel Report: Evaluation of the Validation 
Status of Alternative Ocular Safety Testing Methods and Approaches: Notice of 
Availability and Request for Public Comments 

NICEATM requested submission of written public comments on the independent scientific peer 
review panel report.  

No public comments were received. 
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ICCVAM Evaluation Timeline 

 
June 4, 2004 The U.S. Environmental Protection Agency (EPA) requested that the 

Interagency Coordinating Committee on the Validation of Alternative 
Methods (ICCVAM) conduct a technical review of the antimicrobial 
cleaning product (AMCP) testing strategy when finalized. 

March 21, 2005 Federal Register Notice (70 FR 13512) – Request for Data on Non-
Animal Methods and Approaches for Determining Skin and Eye 
Irritation Potential of Antimicrobial Cleaning Product Formulations; 
Request for Nominations for an Independent Expert Panel. 

December 27, 2007 Background Review Document titled In Vitro Approach for EPA 
Toxicity Labeling of AMCPs received from the Institute for In Vitro 
Sciences, Inc.  

April 4, 2008 Federal Register Notice (73 FR 18535) – Non-Animal Methods and 
Approaches for Evaluating Eye Irritation Potential for Antimicrobial 
Cleaning Products (AMCPs): Request for Nominations for an 
Independent Expert Panel and Submission of Relevant Data. 

March 31, 2009 Federal Register Notice (74 FR 14556) – Announcement of an 
Independent Scientific Peer Review Panel Meeting on the Evaluation of 
the Validation Status of Alternative Ocular Safety Testing Methods and 
Approaches; Availability of Draft Background Review Documents 
(BRDs); Request for Comments. 

May 19-21, 2009 Independent Scientific Peer Review Panel holds a public meeting, with 
opportunity for public comments, at the U.S. Consumer Product Safety 
Commission Headquarters in Bethesda, MD. The Panel was charged 
with reviewing the current validation status of alternative ocular safety 
testing methods and strategies, and commenting on the extent to which 
the information in the draft BRDs and Summary Review Documents 
(SRDs) supported the draft ICCVAM test method recommendations. 

June 25-26, 2009 Scientific Advisory Committee on Alternative Toxiclogical Methods 
(SACATM) public meeting, SACATM and public comments on the draft 
Panel conclusions and recommendations. 

July 13, 2009 Federal Register Notice (74 FR 33444) – Independent Scientific Peer 
Review Panel Report: Evaluation of the Validation Status of Alternative 
Ocular Safety Testing Methods and Approaches: Notice of Availability 
and Request for Public Comments. 

October 29, 2009 ICCVAM endorses the Test Method Evaluation Report, which includes 
the final SRD. 
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ICCVAM-Recommended Protocol for Future Studies Using the Bovine 
Corneal Opacity and Permeability (BCOP) Test Method  

 
PREFACE  

This proposed protocol for measuring corneal damage was developed following a comprehensive test 
method evaluation process conducted by ICCVAM, which included an international independent 
scientific peer review of the validation status and scientific validity of the BCOP (ICCVAM 2006a,b). 
It is based primarily on information obtained from 1) the Institute for In Vitro Sciences, Inc. (IIVS), a 
nonprofit foundation that has performed the BCOP assay since 1997 in a Good Laboratory Practice 
(GLP)-compliant testing facility; and 2) INVITTOX Protocol 124 (1999), which represents the 
protocol used for the European Community sponsored prevalidation study of the BCOP assay 
conducted in 1997-1998. Both of these protocols are based on the BCOP assay methodology first 
reported by Gautheron et al. (1992). Future studies using the BCOP test method could include further 
characterization of the usefulness or limitations of the BCOP in a weight-of-evidence approach for 
regulatory decision-making. Users should be aware that the proposed test method protocol could be 
revised based on any additional optimization and/or validation studies that are conducted in the 
future. ICCVAM recommends that test method users consult the NICEATM–ICCVAM website 
(http://iccvam.niehs.nih.gov/) to ensure use of the most current test method protocol.  

1.0 Purpose and Applicability  
The purpose of this protocol is to describe the procedures used to evaluate the potential ocular 
corrosivity or severe irritancy of a test substance as measured by its ability to induce opacity and 
increase permeability in an isolated bovine cornea. Effects are measured by: 1) decreased light 
transmission through the cornea (opacity); 2) increased passage of sodium fluorescein dye through the 
cornea (permeability); and 3) evaluation of fixed and sectioned tissue at the light microscopic level, if 
applicable. The opacity and permeability assessments of the cornea following exposure to a test 
substance are considered individually and also combined to derive an In Vitro Irritancy Score, which 
is used to classify the irritancy level of the test substance. Histological evaluation of the corneas can 
be useful for identifying damage in tissue layers that does not produce significant opacity or 
permeability.  

The focus of this protocol is on the use of the BCOP test method for the detection of ocular corrosives 
and severe irritants, as defined by the U.S. Environmental Protection Agency (EPA; EPA 2003a), 
European Union (EU; EU 2001), and United Nations Globally Harmonized System (GHS) of 
Classification and Labelling of Chemicals (UN 2007). Substances other than ocular corrosives and 
severe irritants (e.g., substances not labeled as irritants and mild/moderate ocular irritants) have been 
tested using this protocol; however, the BCOP test method is not currently considered to be 
adequately validated for these classes of ocular irritancy as defined by EPA (2003a), EU (2001), and 
GHS (UN 2007).  

2.0 Safety and Operating Precautions  
All procedures with bovine eyes and bovine corneas should follow the institution’s applicable 
regulations and procedures for handling animal substances, which include, but are not limited to, 
tissues and tissue fluids. Universal laboratory precautions are recommended, including the use of 
laboratory coats, eye protection, and gloves. If available, additional precautions required for specific 
study substances should be identified in the Material Safety Data Sheet for that substance.  
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3.0 Materials, Equipment, and Supplies  
3.1 Source of Bovine Eyes  
Eyes from cattle are obtained from an abattoir located within close proximity of the testing facility. 
The cattle type (breed not specified) can be cows, heifers, steers, or bulls. Because cattle have a wide 
range of weights depending on breed, age, and sex, there is no recommended weight for the animal at 
the time of sacrifice.  

Eyes from very old cattle are not recommended because the corneas tend to have a greater horizontal 
corneal diameter and vertical corneal thickness that could affect assay performance (Doughty et al. 
1995; Harbell J, personal communication). Additionally, eyes from calves are not recommended since 
their corneal thickness and corneal diameter are considerably less than that of eyes from adult cattle.  

3.2 Equipment and Supplies  
• Corneal holders1  
• Dissection equipment (scissors, scalpels, forceps)  
• Electric screwdriver  
• Falcon tubes (50 mL)  
• Incubator or water bath  
• Liquinox (or equivalent)  
• Microplate reader or UV/VIS spectrophotometer  
• Micropipettors and pipette tips  
• Opacitometer  
• Petri dishes  
• Plastic containers for collection and transport of eyes  
• Sample tubes (5 mL, glass) for permeability determination  
• Spatula  
• Specialized window-locking ring screwdriver  
• Standard tissue culture and laboratory equipment  
• Sterile deionized water  
• Syringes (10 mL) and blunt tip needles (19 Gauge)  
• Vacuum pump  
• Volumetric flasks  
• 96 well plates (polystyrene) or cuvettes of an appropriate size for UV/VIS 

spectrophotometer  

3.3 Chemicals  
• Ethanol (200 proof, absolute, anhydrous, ACS/USP grade)  
• Imidazole  
• Penicillin  
• Sodium chloride  
• Sodium fluorescein  
• Streptomycin  

                                                
1  Users should be aware of a proposed corneal holder developed by Ubels et al. (2002). The ICCVAM Test 

Method Evaluation Report (2006b) recommends, “Studies should be conducted to evaluate the impact of 
using a corneal holder that maintains normal curvature (e.g., the corneal mounting system designed by Ubels 
et al. 2002) on accuracy and/or reliability of the BCOP test method.” 
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3.4 Solutions  
Follow the manufacturer’s recommendations with regard to storage temperature and shelf life of stock 
solutions. Prepare assay solutions volumetrically.  

• 0.9% (w/v) NaCl in sterile deionized water (saline) 
• 1X Hanks' Balanced Salt Solution with Ca++ and Mg++ (HBSS) containing 100 IU/mL 

penicillin and 100 µg/mL streptomycin 
• Dulbecco's Phosphate Buffered Saline (DPBS) 
• Eagle’s Minimum Essential Medium without phenol red containing 1% (v/v) Fetal 

Bovine Serum (complete MEM), warmed to 32˚C 
• Eagle’s Minimum Essential Medium with phenol red containing 1% Fetal Bovine Serum 

(complete MEM with phenol red, used only for rinsing test substances), warmed to 32˚C 
• Sodium fluorescein (Na-fluorescein) diluted in DPBS to 4 mg/mL for liquid test articles 

or 5 mg/mL for solid test articles 

4.0 Test Substance Preparation 
All test substance solutions should be prepared fresh on the day of use.  

4.1 Nonsurfactant Liquid Test Substances  
Liquid test substances are usually tested undiluted. However, if prescribed, dilutions of aqueous 
soluble test substances should be prepared in 0.9% sodium chloride.  

4.2 Nonsurfactant Solid Test Substances  
Nonsurfactant solid test substances should be prepared as 20% (w/v) solutions or suspensions in 0.9% 
sodium chloride. 

4.3 Surfactants  
Solid and concentrated liquid surfactants should be prepared and tested as a 10% (w/v, v/v) dilution 
or suspension in 0.9% sodium chloride.  

4.4 Surfactant Preparations  
Surfactant-based preparations (e.g., product formulations) are usually tested neat, or can be diluted in 
0.9% sodium chloride, with justification of the selected dilution.  

5.0 Controls  
5.1 Negative Control  
When testing a liquid substance at 100%, a concurrent negative control (e.g., 0.9% sodium chloride) 
is included to detect nonspecific changes in the test system, as well as to provide a baseline for the 
assay endpoints.  

5.2 Solvent/Vehicle Control  
When testing a diluted liquid, surfactant, or solid, a concurrent solvent/vehicle control is included to 
detect nonspecific changes in the test system, as well as to provide a baseline for the assay endpoints.  

5.3 Positive Control  
A known ocular irritant is included as a concurrent positive control in each experiment to verify that 
an appropriate response is induced. As the BCOP assay is being used to identify corrosive or severe 
irritants, ideally the positive control should be a reference substance that induces a severe response in 
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this test method. However, to ensure that variability in the positive control response across time can 
be assessed, the magnitude of irritant response should not be excessive.  
Examples of positive controls for liquid test substances are 10% sodium hydroxide or 
dimethylformamide. An example of a positive control for solid test substances is 20% (weight to 
volume) imidazole in 0.9% sodium chloride solution. 

5.4 Benchmark Substances (if appropriate)  
Benchmark substances are useful for evaluating the ocular irritancy potential of unknown chemicals 
of a specific chemical or product class, or for evaluating the relative irritancy potential of an ocular 
irritant within a specific range of irritant responses. Appropriate benchmark substances should have 
the following properties:  

• A consistent and reliable source(s)  
• Structural and functional similarity to the class of the substance being tested  
• Known physical/chemical characteristics  
• Supporting data on known effects in the in vivo rabbit eye test  
• Known potency in the range of the desired response  

6.0 Experimental Design  
6.1 Collection and Transport Conditions of Bovine Eyes  
Bovine eyes are typically obtained from a local cattle abattoir, where the eyes are excised as soon as 
possible after sacrifice. Care should be taken to avoid damaging the cornea during the enucleation 
procedure. Eyes are collected in a suitable container in which they are immersed in HBSS containing 
the antibiotics penicillin (100 IU/mL) and streptomycin (100 µg/mL) The container is maintained on 
ice at all times throughout collection of the eyes and transportation to the testing facility (NOTE: 
antibiotics may not be necessary if the eyes are kept below 4°C throughout transport). The eyes are 
used within five hours of sacrifice.  

Under conditions where contamination of the bovine eyes with yeast occurs, immersion of the eyes in 
HBSS containing fungizone should be evaluated. 

6.2 Preparation of Corneas  
a. Carefully examine all eyes macroscopically. Those exhibiting unacceptable defects, such 

as opacity, scratches, pigmentation, and neovascularization are rejected.  

b. Carefully remove the cornea from each selected eye by making an incision with a scalpel 
2 to 3 mm outside the cornea, then by cutting around the cornea with dissection scissors, 
leaving a rim of sclera to facilitate handling. Carefully peel off the iris and lens, ensuring 
no fragments of these tissues are remaining on the cornea. Take care to avoid damaging 
the corneal epithelium and endothelium during dissection.  

c. Store the isolated corneas in a petri dish containing HBSS until they are mounted in 
holders. Examine the corneas before use, and discard those with defects.  

d. Mount the corneas in holders (one cornea per holder), by placing the endothelial side of 
the cornea against the O-ring of the posterior chamber. Place the anterior chamber over 
the cornea and join the chambers together by tightening the chamber screws. Care should 
be taken not to shift the two chambers to avoid damaging the cornea.  

e. Fill both chambers with fresh complete MEM (about 5 mL), always filling the posterior 
chamber first to return the cornea to its natural curvature. Care should be taken when 
adding or removing liquid from the posterior chamber to avoid the formation of bubbles 
and to minimize shear forces on the corneal endothelium.  
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f. Seal each chamber with plugs provided with the holders.  

g. Incubate the holders in a vertical position at 32 ± 1°C for at least 60 minutes.  

h. At the end of the initial 1-hour incubation period, examine each cornea for defects, such 
as tears or wrinkling. Discard corneas with any observed defects. 

6.3 Control Cornea Selection and Opacity Reading  
a. After the 1-hour incubation period, remove the medium from both chambers of each 

holder (anterior chamber first) and replace with fresh complete MEM.  

b. Take and record an initial opacity reading for each cornea, using an opacitometer or 
equivalent instrument that has been appropriately calibrated according to the 
manufacturer’s specifications. This initial opacity reading will be used to calculate the 
final opacity value for each cornea. The testing facility should ensure the opacitometer is 
functioning properly each day it is used.  

c. Calculate the average opacity value for all corneas.  

d. Select a minimum of three corneas with opacity values close to the average value for all 
corneas as negative (or solvent/vehicle) control corneas.  

e. Corneas that display an initial opacity reading significantly greater (+ 2 standard 
deviations [SDs]) than the average opacity for all corneas in the batch of eyes collected 
the day of testing should not be used in the assay. 

6.4 Treatment Groups  
A minimum of three corneas is treated with each test substance solution or suspension. In addition, 
three corneas per assay are treated with the positive control and three corneas per assay are treated 
with the negative control. If a benchmark substance is used the day of testing, three corneas should be 
treated with the benchmark.  
Different treatment methods are used depending on the physical nature and chemical characteristics 
(liquid or surfactant versus nonsurfactant solid) of the test substance. The controls used depend on 
which method is used.  

6.5 Treatment of Corneas and Opacity Measurements  
6.5.1 Closed chamber method for nonviscous to slightly viscous liquid test substances  

a. Record the initial opacity readings and label each chamber with the appropriate control or 
test substance identification. Just prior to treatment, remove the medium from the anterior 
chamber through the dosing holes using an appropriate aspiration technique (e.g., blunt 
needle attached to a vacuum pump).  

b. Add 0.75 mL of the control or test substance to the anterior chamber through the dosing 
holes using a micropipettor. The dosing holes are then resealed with the chamber plugs.  

c. Rotate the holders such that the corneas are in a horizontal position. The holders should 
be gently tilted back and forth to ensure a uniform application of the control or test 
substance over the entire cornea.  

d. Incubate the holders in a horizontal position at 32 ± 1°C for 10 ± 1 minutes. If other 
exposures times are used, justification must be provided.  

e. Remove the control or test substance from the anterior chamber through the dosing holes 
and rinse the epithelium at least three times with approximately 2 to 3 mL of fresh 
complete MEM with phenol red. Perform one last rinse of the epithelium using fresh 
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complete MEM. If it is not possible to remove all visible signs of the test substance, 
document the observation in the study notebook. Refill the anterior chamber with fresh 
complete MEM.  

f. Perform a post-treatment opacity reading for each cornea and record the results. Observe 
each cornea visually and, if applicable, record pertinent observations (e.g., dissimilar 
opacity patterns, tissue peeling or residual test article).  

g. Incubate the holders in a vertical (anterior chamber facing forward) position at 32 ± 1°C 
for 120 ± 10 minutes. If other post-exposure incubation times are used, justification 
should be provided.  

h. Record a post-incubation opacity reading for each cornea, which will be used to calculate 
the final corneal opacity value. Observe each cornea visually and record pertinent 
observations in the study notebook. Special attention is taken to observe dissimilar 
opacity patterns, tissue peeling or residual test substance, etc. 

6.5.2 Open chamber method for semiviscous and viscous liquid test substances and 
surfactant preparations  
a. Record the initial opacity readings and label each chamber with the appropriate control or 

test article identification. Just prior to treatment, remove the medium from the anterior 
chamber through the dosing holes.  

b. Remove the window-locking ring and glass window from all appropriate anterior 
chambers and place the holders into a horizontal position (anterior chamber facing up).  

c. Add test substance to each chamber successively at a constant rate of 15 to 30 seconds 
between each chamber. Apply approximately 0.75 mL of the control or test substance (or 
enough test substance to completely cover the cornea) directly to the epithelial surface of 
the cornea using a micropipettor or other appropriate device, such as a spatula. Maintain 
the holders in a horizontal position (anterior chamber up).  

d. If necessary, to aid in filling the pipette with substances that are viscous, the test article 
may first be transferred to a syringe. Insert the pipette tip of the positive displacement 
pipette into the dispensing tip of the syringe, so that the substance can be loaded into the 
displacement tip under pressure. Simultaneously, depress the syringe plunger as the 
pipette piston is drawn upwards. If air bubbles appear in the pipette tip, the test article 
should be expelled and the process repeated until the tip is filled without air bubbles. This 
method should be used for any substances that cannot be easily drawn into the pipette 
(e.g., gels, toothpastes, and face creams).  

e. If necessary, immediately upon dosing, slightly tilt the holders to achieve a uniform 
application of the test article over the entire cornea.  

f. After all of the chambers are dosed, replace the glass windows and window-locking 
rings.  

g. Incubate the holders in a horizontal position at 32 ± 1°C for 10 ± 1 minutes. If other 
exposure incubation times are used, justification should be provided.  

h. Prior to the end of the exposure period, remove the window-locking ring and glass 
window from each appropriate chamber.  

i. At the completion of the exposure period, successively rinse each cornea in the exposure 
group according to the intervals that they were dosed. Using a syringe, add fresh 
complete MEM with phenol red to the inside wall of the anterior chamber creating a 
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“whirlpool or vortex effect”, which causes the test article to be rinsed off the cornea. 
Take special care not to spray the medium directly onto the cornea. Residual test article 
that cannot be removed from the cornea by the “whirlpool method” is removed by 
placing a layer of medium over the cornea (added to the inside wall of the chamber). 
Spray a gentle stream of medium through the medium layer, directing it towards the 
residual test article. If after several tries the test article cannot be removed, document this 
in the study notebook, and proceed to the next step.  

j. Once each cornea is completely rinsed of test article, replace the glass window and 
window-locking ring. Continue rinsing as stated previously for the “closed chamber 
method” (see Section 6.5.1, step e).  

k. Perform a post-treatment opacity reading for each cornea and record the results. Observe 
each cornea visually and, if applicable, record pertinent observations (e.g., dissimilar 
opacity patterns, tissue peeling or residual test article).  

l. Incubate the holders in a vertical (anterior chamber facing forward) position at 32 ± 1°C 
for 120 ± 10 minutes. If other post-exposure incubation times are used, justification 
should be provided.  

m. Record a post-incubation opacity reading for each cornea, which will be used to calculate 
the final corneal opacity value. Observe each cornea visually and record pertinent 
observations in the study notebook. Special attention is taken to observe dissimilar 
opacity patterns, tissue peeling or residual test substance, etc.  

6.5.3 Solid and liquid surfactant test substances  
Surfactant test substances are administered following one of the previously described procedures, 
with one exception, which is noted below:  

• Surfactant test substances are tested on the cornea as a 10% (w/v) solution or suspension 
prepared in an appropriate solvent/vehicle (e.g., sterile deionized water).  

6.5.4 Solid nonsurfactant test substances  
Solid nonsurfactant test substances are administered following one of the previously described 
procedures, with a few exceptions, which are noted below:  

• Solid test substances are tested on the cornea as a 20% (w/v) solution or suspension 
prepared in an appropriate solvent/vehicle (e.g., sterile deionized water).  

• Solid test substances are incubated at 32 ± 1°C for 240 ± 10 minutes.  
• There is no post-treatment incubation period. Thus, immediately following the rinsing 

process, both chambers are refilled (posterior chamber first) with fresh complete MEM, 
and the post-treatment opacity readings are taken. During the post-treatment opacity 
reading, visual observations are performed for each cornea and, if necessary, are recorded 
in the workbook. Special attention is taken to observe dissimilar opacity patterns, tissue 
peeling or residual test article, etc. Immediately following these opacity readings and 
visual observations, the permeability experiment is performed.  

6.6 Application of Sodium Fluorescein  
Following the final opacity measurement, permeability of the cornea to Na-fluorescein is evaluated. 
The Na-fluorescein solution is applied to the cornea by one of two methods, depending on the nature 
of the test substance:  

a. Liquid and surfactant test substances and surfactant preparations: Remove the medium 
from both chambers (anterior chamber first). Fill the posterior chamber with fresh 
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complete MEM, and add 1 mL of a 4 mg/mL Na-fluorescein solution to the anterior 
chamber using a micropipettor. Reseal the dosing holes in the top of both chambers with 
the chamber plugs.  

b. Solid nonsurfactant test substances: Remove the medium from the anterior chamber only 
and replace with 1 mL of a 5 mg/mL Na-fluorescein solution. Reseal the dosing holes in 
the top of both chambers with the chamber plugs.  

6.7 Permeability Determinations  
a. After adding the Na-fluorescein to the anterior chamber and sealing the chambers, rotate 

the holders into a horizontal position with the anterior chamber facing up. Tilt the holders 
slightly, if necessary, to achieve a uniform application of the Na-fluorescein over the 
entire cornea. Incubate the holders in a horizontal position for 90 ± 5 minutes at 32 ± 
1°C.  

b. After the 90-minute incubation period, remove the medium in the posterior chamber of 
each holder and place into sample tubes prelabeled according to holder number. It is 
important to remove most of the medium from the posterior chamber and mix it in the 
tube so that a representative sample can be obtained for the OD490 determination.  

c. After completing the Na-fluorescein penetration steps, the corneas should be fixed in an 
appropriate fixative (e.g., 10% neutral buffered formalin) at room temperature for at least 
24 hours, so that the tissues are available if histology is necessary or requested at a later 
time. It is important that the corneas not be allowed to dry between transfer from the 
holders and fixation (submersion in the fixative).  

d. If using a microplate reader to measure optical density, transfer 360 µL of the medium 
from each sample tube into its designated well on a 96-well plate. The standard plate map 
provides two wells for each cornea. The first well receives an undiluted sample from each 
cornea tested. When all of the media samples have been transferred onto the plate, 
measure and record their OD490. Any OD490 value (of a control or test substance sample) 
that is 1.500 or greater must be diluted to bring the OD490 into the acceptable range. A 
dilution of 1:5 is generally sufficient but higher dilutions may be required. Prepare the 
dilution from the original sample of medium and transfer 360 µL into the second well 
designated for that cornea. Reread the plate and record the data from both the undiluted 
and diluted OD490 values. Use the values from this second reading in all calculations. The 
OD490 values of less than 1.500 will be used in the permeability calculation.  

e. Note: The linear range of absorbance of different microplate readers can vary. Thus, each 
laboratory must determine the upper limit of absorbance (in the linear range) for the 
microplate reader used in its facility.  

f. If using a UV/VIS spectrophotometer to measure optical density, adjust the 
spectrophotometer to read at OD490, and zero the spectrophotometer on a sample of 
complete MEM. Prior to reading samples from the BCOP assay, prepare and read two 
quality control samples of Na-fluorescein solution to ensure the Na-fluorescein 
calibration curve (see note below) conducted for the spectrophotometer is still acceptable. 
If the average of the quality control samples does not fall within the accepted range of the 
Na-fluorescein calibration curve, then prepare a Na-fluorescein calibration curve prior to 
running samples from the BCOP assay. If the average of the quality control samples falls 
within the accepted range of the calibration curve, then proceed to read samples from the 
BCOP assay. Transfer an aliquot of the mixed medium from the posterior chamber of the 
BCOP holder into a cuvette, then take and record an absorbance reading using the 
spectrophotometer. Any solutions giving an OD490 beyond the linear range of the 
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spectrophotometer must be diluted in complete MEM, and another reading taken, 
repeating these steps until the OD490 is within the linear range of the spectrophotometer. 
Repeat these procedures for each sample from the BCOP assay, rinsing the cuvette(s) 
thoroughly between each sample, until all samples have been read and results recorded.  

Note: If conducting this assay for the first time, a calibration curve for the spectrophotometer 
must be performed, using a series of dilutions of Na-fluorescein solution in complete MEM. 
A calibration curve should be prepared and used to determine the linear range of the 
spectrophotometer and thus determine the upper limit of absorbance.  

6.8 Histopathology  
A histopathological evaluation of the corneal tissue might be useful when the standard BCOP 
endpoints (i.e., corneal opacity and permeability) produce borderline results. A standardized scoring 
scheme using the formal language of pathology to describe any effects should be used. 

6.9 Maintenance of the Corneal Holders  
Following completion of the assay, clean the disassembled parts of each holder as follows:  

a. Soak the posterior and anterior chambers in a solution of warm tap water and a dime-size 
or greater amount of Liquinox (or equivalent). 

b. Soak the chamber plugs, O-rings, and handle screws in 70% ethanol. Rinse the chamber 
plugs, O-rings, and handle screws thoroughly in hot tap water, and air dry prior to 
reassembling the chambers. 

c. Clean the interior and exterior surfaces of each pre-soaked posterior and anterior chamber 
by using a scrubbing sponge. Rinse each posterior and anterior chamber thoroughly in 
warm tap water and air dry prior to reassembling the chambers.  

d. Match up each numbered posterior chamber with its corresponding anterior chamber; 
insert an O-ring into the appropriate place; attach a chamber handle screw to the anterior 
chamber; and finally insert the chamber screws into the anterior chamber.  

7.0 Evaluation of Test Results  
Results from the two test method endpoints, opacity and permeability, should be combined in an 
empirically derived formula that generates an In Vitro Irritancy Score for each test substance.  

7.1 Opacity  
a. Calculate the change in opacity for each individual cornea (including the negative 

control) by subtracting the initial opacity reading from the final post-treatment opacity 
reading. Then calculate the average change in opacity for the negative control corneas.  

b. Calculate a corrected opacity value for each treated cornea, positive control, and 
solvent/vehicle control (if applicable) by subtracting the average change in opacity of the 
negative control corneas from the change in opacity of each treated, positive control, or 
solvent/vehicle control cornea.  

c. Calculate the mean opacity value of each treatment group by averaging the corrected 
opacity values of the treated corneas for each treatment group.  
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7.2 Permeability  
Microplate Reader Method  

a. Calculate the mean OD490 for the blank wells (plate blanks). Subtract the mean blank 
OD490 from the raw OD490 of each well (blank corrected OD490).  

b. If a dilution has been performed, correct the OD490 for the plate blank before the dilution 
factor is applied to the reading. Multiply each blank corrected OD490 by the dilution 
factor (e.g., a factor of 5 for a 1:5 dilution).  

c. Calculate the final corrected OD490 value for each cornea by subtracting the mean OD490 
value for the negative control corneas from the OD490 value of each treated cornea.  

d. Final Corrected OD490 = (raw OD490 – mean blank OD490) – mean blank corrected 
negative control OD490 

e. Calculate the mean OD490 value for each treatment group by averaging the final corrected 
OD490 values of the treated corneas for a particular treatment group. 

UV/VIS Spectrophotometer Method  
a. Calculate the corrected OD490 value of each treated, positive control, or solvent/vehicle 

control cornea by subtracting the average value of the negative control corneas from the 
original OD490 value for each cornea.  

Final Corrected OD490 = raw OD490 -mean blank corrected negative control OD490 

b. Calculate the mean OD490 value for each treatment group by averaging the final corrected 
OD490 values of the treated corneas for a particular treatment group. 

7.3 In Vitro Irritancy Score  
Use the mean opacity and mean permeability values (OD490) for each treatment group to calculate an 
in vitro score for each treatment group:  

In Vitro Irritancy Score = mean opacity value + (15 x mean OD490 value) 

Additionally, the opacity and permeability values should be evaluated independently to determine 
whether a test substance induced irritation through only one of the two endpoints.  

8.0 Criteria for an Acceptable Test  
A test is acceptable if the positive control gives an In Vitro Irritancy Score that falls within two SDs 
of the current historical mean, which is to be updated at least every three months. In the BCOP, 100% 
ethanol induces a moderate to severe response (in vitro score = 39.9 -65.4 at IIVS [n = 632]; mean = 
52.7, standard deviation [SD] = 6.4), while 20% (w/v) imidazole induces a severe response (in vitro 
score = 69.7 -136.2 at IIVS [n=125]; mean = 103, SD = 16.6). The negative or solvent/vehicle control 
responses should result in opacity and permeability values that are less than the established upper 
limits for background opacity and permeability values for bovine corneas treated with the respective 
negative or solvent/vehicle control.  

9.0 Data Interpretation  
The following classification system was established by Sina et al. (1995) based on studies with 
pharmaceutical intermediates exposed for 10 minutes (liquids) or 4 hours (solids).  

In Vitro Score:  55.1 and above   = severe irritant  
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While this classification system provides a good initial guide to interpretation of these in vitro data, 
these specific ranges may not be applicable to all classes of substances. For example, the Sina et al. 
(1995) scoring scale is not appropriate for anionic and nonionic surfactants since they produce 
appreciable permeability while inducing little direct opacity.  

For these and other substances that produce significant permeability with minimal opacity, it is 
recommended that permeability values > 0.600 be considered severe. Benchmark substances are 
recommended for assaying the responses of test substances of different product or chemical classes. 
Histological evaluation of the corneas may be instrumental in identifying additional changes (e.g., 
peroxide-induced stromal damage). 

10.0 Study Report  
The test report should include the following information, if relevant to the conduct of the study:  

Test and Control Substances  
• Chemical name(s) such as the structural name used by the Chemical Abstracts Service 

(CAS), followed by other names, if known 
• The CAS Registry Number (RN), if known 
• Purity and composition of the substance or preparation (in percentage[s] by weight), to 

the extent this information is available 
• Physicochemical properties such as physical state, volatility, pH, stability, chemical class, 

water solubility relevant to the conduct of the study 
• Treatment of the test/control substances prior to testing, if applicable (e.g., warming, 

grinding) 
• Stability, if known 

Information Concerning the Sponsor and the Test Facility  
• Name and address of the sponsor, test facility, and study director 
• Identification of the source of the eyes (i.e., the facility from which they were collected) 
• Storage and transport conditions of eyes (e.g., date and time of eye collection, time 

interval prior to initiating testing, transport media and temperature conditions, any 
antibiotics used) 

• If available, specific characteristics of the animals from which the eyes were collected 
(e.g., age, sex, strain, weight of the donor animal) 

Justification of the Test Method and Protocol Used  

Test Method Integrity  
• The procedure used to ensure the integrity (i.e., accuracy and reliability) of the test 

method over time (e.g., periodic testing of proficiency substances, use of historical 
negative and positive control data) 

Criteria for an Acceptable Test  
• Acceptable concurrent positive and negative control ranges based on historical data 
• If applicable, acceptable concurrent benchmark control ranges based on historical data 

Test Conditions  
• Description of test system used 
• Type of corneal holder used 
• Calibration information for devices used for measuring opacity and permeability (e.g., 

opacitometer and spectrophotometer) 
• Information on the bovine corneas used, including statements regarding their quality 
• Details of test procedure used 
• Test substance concentration(s) used 
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• Description of any modifications of the test procedure 
• Reference to historical data of the model (e.g., negative and positive controls, proficiency 

substances, benchmark substances) 
• Description of evaluation criteria used 

Results  
• Tabulation of data from individual test samples (e.g., opacity and OD.490 values and 

calculated in vitro irritancy score for the test substance and the positive, negative, and 
benchmark controls [if included], reported in tabular form, including data from replicate 
repeat experiments as appropriate, and means ± the standard deviation for each 
experiment) 

• Description of other effects observed 

Discussion of the Results  

Conclusion 

A Quality Assurance Statement for Good Laboratory Practice (GLP)-Compliant Studies  
• This statement indicates all inspections made during the study, and the dates any results 

were reported to the study director. This statement also serves to confirm that the final 
report reflects the raw data.  

If GLP-compliant studies are performed, then additional reporting requirements provided in the 
relevant guidelines (e.g., OECD 1998; EPA 2003b, 2003c; FDA 2003) should be followed.  
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ICCVAM-Recommended Protocol for Future Studies  
Using the Cytosensor Microphysiometer (CM) Test Method  

 
PREFACE  

This proposed protocol for ocular toxicity is based primarily on information obtained in INVITTOX 
Protocol 102 derived from the standard operation procedure used in the Home Office UK/EEC 
Validation Study for Alternatives to the Draize Test. The information contained within INVITTOX 
102 was modified based upon the COLIPA protocol (Brantom et al., 1997; Harbell et al., 1999). 
Future studies using the CM test method could include further characterization of the usefulness and 
limitations of the CM test method in a weight-of-evidence approach for regulatory decision-making. 
Users should be aware that the proposed test method protocol could be revised based on any 
additional optimization and/or validation studies that are conducted in the future. ICCVAM 
recommends that test method users consult the NICEATM–ICCVAM website 
(http://iccvam.niehs.nih.gov/) to ensure use of the most current test method protocol.  

1.0 Purpose and Applicability  
The purpose of this study is to compare the ocular toxicity of the test material as predicted using the 
CM method with historical rabbit Draize eye data. The CM method evaluates the potential ocular 
toxicity by measuring the test material induced reduction in the metabolic rate in treated cultures of 
L929 cells. Change in metabolic rate is measured indirectly as a function of changes in extracellular 
acidification rate. The dose that induces a 50% decrease in metabolic rate is the end point of the 
assay.  

The focus of this protocol is on the use of the CM test method for the detection of ocular corrosives 
and severe irritants and substances not labeled as irritants as defined by the U.S. Environmental 
Protection Agency (EPA; EPA, 2003a), the European Union (EU; EU, 2001), and United Nations 
Globally Harmonized System (GHS) of Classification and Labelling of Chemicals (UN 2007). 
Mild/moderate ocular irritants have been tested using this protocol; however, the CM test method is 
not currently considered to be adequately validated for these classes of ocular irritancy as defined by 
EPA (2003a), EU (2001), and GHS (UN 2007). 

2.0 Safety and Operating Precautions  
All procedures with L929 cells should follow the institution’s applicable regulations and procedures 
for handling human or animal substances, which include, but are not limited to, tissues and tissue 
fluids. Universal laboratory precautions are recommended, including the use of laboratory coats, eye 
protection, and gloves. If available, additional precautions required for specific study substances 
should be identified in the Material Safety Data Sheet for that substance.  

3.0 Materials, Equipment, and Supplies  
3.1 Equipment and Supplies  

• Aspirator 
• Balance 
• Beakers, disposable 
• Capsules, eight with L-929 cells grown to be <80% confluent at time of use (confluent 

monolayer could interfere with accurate CM readings) in DMEM. To prepare these, load 
5-6 x 105 cells about 18 hr prior to use and incubate in complete DMEM with 1% calf 
serum under standard culture conditions.  

• Cell culture equipment for preparation of cells  
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• Cytosensor System with eight sterilized chambers, set up in the injection loop mode - 
Molecular Devices Corporation, Menlo Park, California, USA  

• Cytosoft and the following Cytosoft protocols for toxicity testing:  

 Tox Maintenance (ii) Routine Tox 003 (4x2) (both supplied by MDC)  
 A statistics program capable of MRD50  

• Pipettors, rack, etc., for preparation of dilutions  
• Refrigerator 
• Statistical program for calculation of MRD50 
• Tubes, 15 ml, for preparation of dilutions (4 dilutions per test sample).  
• Tube racks 
• Syringes, 4 x 5 ml and a 30 ml 
• Water bath  

3.2 Media and Reagents  
• Assay Medium: DMEM complete with 1% Fetal Bovine Serum, 5.0 µg/ml gentamicin, 

2.0 mM L-glutamine, and 1.0 mM sodium pyruvate 
• Growth Medium: Dulbecco’s modified Eagle’s medium (DMEM) (1mg/ml glucose) 

complete with 10% Fetal Bovine Serum, 2.0 mM L-glutamine, and 1.0 mM sodium 
pyruvate 

• Positive Control: sodium lauryl sulfate (SLS) 10% in water (stock) 
• Treatment medium: Serum-free, Sodium Bicarbonate-free, DMEM with 5.0 µg/ml 

gentamicin, 2.0 mM L-glutamine, and additional NaCl for consistent osmolarity 
(MDMEM). 11.1 ml of 4 M NaCl is required per liter 

• Trypsin, 0.05% in Ca+2 and Mg+2-free Hank’s Balanced Salt Solution 

4.0 Test Substance Preparation 
• The test article will be dissolved in MDMEM. It is essential that the test material be in a 

single-phase solution in the highest dose used (300 mg/mL) to prepare the subsequent 
dilutions. If the substance cannot form a single phase solution/suspension at a 
concentration of 33.3 mg/mL, the test sample cannot be tested by the CM using standard 
techniques 

• The stability of the test article under the actual experimental conditions will not be 
determined by the testing laboratory 

5.0 Controls  
5.1 Negative Control  
The baseline acidification rate will serve as the internal negative control for each cell culture. 
Baseline rates will fall between 50 and 150 microvolts/sec after a stabilization period of at least 15 
minutes. Replace the cell-containing insert in a chamber that fails to achieve these ranges. 

5.2 Solvent/Vehicle Control  
Untreated controls are recommended when solvents/vehicles other than 0.9% sodium chloride or 
distilled water are used to dissolve test substances, in order to demonstrate that the solvent/vehicle is 
not interfering with the test system.  

5.3 Positive Control  
When the 8-channel Cytosensor is used, a positive control assay will be performed with each 
definitive trial of the assay. When the 4-channel machine is used, a concurrent positive control trial 
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will be performed with at least one of the definitive trials for each test material. The positive control 
substance is SLS prepared from a 10% stock in water. 

5.4 Benchmark Substances (if appropriate)  
Benchmark substances are useful for evaluating the ocular irritancy potential of unknown chemicals 
of a specific chemical or product class, or for evaluating the relative irritancy potential of an ocular 
irritant within a specific range of irritant responses. Appropriate benchmark substances should have 
the following properties:  

• A consistent and reliable source(s)  
• Structural and functional similarity to the class of the substance being tested  
• Known physical/chemical characteristics  
• Supporting data on known effects in the in vivo rabbit eye test  
• Known potency in the range of the desired response  

6.0 Experimental Design  
6.1 Filling the Workstations with Medium  
Put 8 x 50 ml tubes, each having at least 20 ml of MDMEM on the Cytosensor and fill the injection 
loops with MDMEM, using a 30 ml syringe. Using the "Front Panel" controls, set the flow rate to 90-
100% to fill the lines, and then set the flow rate back to idle (5%).  

6.2 Checking Out the Equipment  
Empty Sterilant from the sensor chambers, wash them by repeated filling with, and aspiration of, 
distilled water, and then add about 2 ml of low-buffer DMEM to each chamber. Put them on the 
Cytosensor. Set flow rate to High (90-100% of max) and clear obvious bubbles. Run Cytosoft default 
protocol ("New") to see that system sets up and the background rate in the absence of cells settles 
within 10 minutes to between +5 and -5 microvolts/sec. This gives the opportunity to attend to any 
equipment problems before starting to use cells.  

6.3 Checking Out the Cells  
Exit "New" protocol and set flow rate to Normal (approx. 50%) using "Front Panel" controls. To at 
least 8 cell-containing cell capsules in a culture tray containing Low-Buffered DMEM, add spacers 
and inserts as described in the Manual. Move the tray to the Cytosensor and use forceps to transfer the 
completed capsules to the sensor chambers, lifting the gantries and raising the plungers one set at a 
time. When all the capsules are in place, set the flow rate to High and clear obvious bubbles again.  

6.4 Cell Culture Maintenance and Preparation of the Capsule Cups 
Stock cultures of L929 cells will be maintained and passaged in Growth Medium and incubated at 37 
± 1oC and 5 ± 1% CO2 in air. L929 cells will be seeded onto capsule cups at approximately 6.0 x 105 
cells per capsule cup in Seeding Medium as described below. 

Flasks of L929 cells to be passaged or seeded are selected at or near confluency. The size of flasks 
used will depend on the number of cells needed. The Growth Medium is decanted and the cell sheet 
washed twice with approximately 10 mL of PBS for each 75cm2 of growth surface. The cells are 
trypsinized with approximately 3 mL of 0.05% trypsin (for each 75cm2 of growth surface) for 15 to 
30 seconds. The trypsin solution is aspirated and the cells are incubated at room temperature for 
approximately 2 to 5 minutes, until the cells begin to round. The cells are dislodged by tapping the 
flask, which contains approximately 5mL of Seeding Medium for each 75cm2 of growth surface. The 
cells are triturated using a pipet in order to break up clumps and are transferred by pipet to a conical 
centrifuge tube. If more than one flask is used, the contents of each are pooled. Cell counts are 
performed as required. The L929 cells will be seeded with approximately 6.0 x 105 cells per each 
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capsule cup (0.5 mL of a 1.2 x 106 cell suspension) with 1.5 mL of Seeding Medium added to each 
outside well. The plate will be incubated at 37 ± 1°C and 5 ± 1% CO2 in air for 16 to 32 hours. Prior 
to the start of the assay, the medium in capsule cups will be switched to Low-Buffered DMEM and a 
spacer will be added to each capsule cup and gently tapped down to the bottom. The cell capsules will 
be placed into the sensor chambers and exposed to Low-Buffered DMEM at 37 ± 1oC. 

For routine passaging, the stock cultures are trypsinized as described above, but are dislodged and 
resuspended using warm (approximately 37oC) Growth Medium, seeded into a culture flask(s), and 
returned to the humidified incubator maintained at 37 ± 1oC and 5 ± 1% CO2 in air. 

6.5 Dose Range Finding Assay 
A dose range finding assay will be performed to establish an appropriate test article dose range for the 
definitive CM assay. Dosing solutions will be prepared by serial three-fold dilutions (producing the 
same concentrations suggested in the following table) in sterile, Low-Buffered DMEM that has been 
allowed to equilibrate to room temperature. 

IMPORTANT: Do not attempt to use preparations that separate into more than one phase in the 
Cytosensor. Similarly, do not attempt to use such preparations to make dilutions. At the discretion of 
the Study Director, a suspension that maintains a single phase may be assayed and used to prepare 
further dilutions. 

If the sample does not go into a single phase with the medium at 10.0 mg/mL (maintaining a ratio of 
100 mg/10 mL), prepare dilutions 2 or 3 as required. If a single-phase test article/medium mixture is 
not achieved, the Study Director and Sponsor are to be consulted. 

 
DILUTION # CONCENTRATION 

1 10 mg/mL 

2 3.33 mg/mL 

3 1.11 mg/mL 

4 0.370 mg/mL 

5 0.123 mg/mL 

6 0.0412 mg/mL 

7 0.0137 mg/mL 

 
The test article will be evaluated by exposure to L929 cells contained in sensor chambers. After the 
baseline data points have been taken, the exposure cycle will begin with the lowest test article 
concentration. From these baseline data points, the spreadsheet will compute the mean baseline value 
used in the MRD50 calculation. Each exposure cycle will take 20 minutes. 

The maximum solvent concentration (other than Low-Buffered DMEM) will be 10% unless 
otherwise specified. 

There will be three phases in the exposure cycle, with the following parameters selected within the 
CM software (Cytosoft): First, a test article concentration will be introduced into the sensor chamber 
for 13 minutes and 30 seconds. The nominal rate of flow will be 100 µL per minute for the first 
minute, and 20 µL per minute for the next 12 minutes and 30 seconds. The second phase will be the 
washout phase, which will be six minutes at a nominal rate of 100 µL per minute. The test article will 
be washed out of the sensor chamber during this phase. Finally, the third phase will be the 
measurement of the acidification rate. For 25 seconds, there will be no flow and the rate of pH change 
will be measured. 
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The exposure cycle will repeat with increasing test article concentrations until either the highest test 
article concentration is reached or until the MRD50 value has been surpassed. Each test article 
concentration will be tested on a single set of cells. Positive control materials and solvent controls (for 
solvents other than Low-Buffered DMEM) will be tested in the same fashion. If possible, an MRD50 
value will be calculated from the dose range finding assay. 

The test article doses for the definitive assay will be chosen so that generally seven doses (spaced as 
three-fold dilutions) will be available for the determination of the MRD50. Generally, three 
concentrations will be chosen to result in expected survivals lower than 50%, one concentration will 
be chosen to result in an expected survival of approximately 50%, and three or more concentrations 
will be chosen to result in expected survivals greater than 50%. If a test article fails to cause 50% 
toxicity in the dose range finding CM assay, the maximum dose will generally be 270 mg/mL, or less 
based on its solubility/workability. 

6.6 Definitive Assay 
The definitive assay will be performed in the same manner as the dose range finding assay, with the 
exception that if the MRD50 value from the dose range finding assay is > 10 mg/mL, higher doses of 
test article will be prepared and tested in the definitive assay. At least seven doses, spaced at three-
fold dilution intervals, up to a maximum of 270 mg/mL will be prepared. The determination of the 
final MRD50 will be based upon the results of at least two definitive assays and will generally also 
include the results of the dose range finding assay, if an MRD50 could be determined. The results 
from additional definitive assays may also be incorporated into the calculation of the final MRD50. 

7.0 Evaluation of Test Results  
The acidification rates that occur after exposure to each test article concentration are calculated by the 
CM software (Cytosoft) and compared to the mean acidification rate (base acidification rate) of the 
same cells prior to exposure to a test material. The percent of control acidification rate will be 
determined by comparing the dose response acidification rate to the base acidification rate. The dose 
response curve will be plotted with the percent of control acidification rates on the ordinate and the 
test article concentration on the abscissa. The concentration of the test material that results in a fifty 
percent reduction in acidification is interpolated from the curve and referred to as the MRD50. These 
calculations can be performed using the Excel spreadsheet program provided for this study.  

8.0 Criteria for an Acceptable Test  
Assay acceptance criteria are normally based on the performance of the positive control. The CM 
assay would be accepted if the positive control MRD50 fell within 2 standard deviations of the 
historical range. The acceptable range for SLS will be provided by the lead laboratory. The positive 
control assay will not be performed with each trial on the 4-channel machine. Therefore, acceptance 
of those trials, lacking a positive control, will be based on judgment of the study director. 

9.0 Data Interpretation  
Interpretation of MRD50 values is done according to the decision criteria provided in Background 
Review Document: Existing Methods for Eye Irritation Testing: Silicon Microphysiometer and 
Cytosensor Microphysiometer (ECVAM 2008), as follows: 

For the EU system (EU 2001) the proposed PM is: 

     MRD50 

R41     <2 mg/mL 

R36     <10 mg/mL; >2 mg/mL 
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Not classified    >10 mg/mL 

 
For the GHS system (UN 2007) the proposed PM is: 

     MRD50 

1     <2 mg/mL 

2A or 2B    <10 mg/mL; >2 mg/mL 

No Label    >10 mg/mL 

 
For the EPA system (EPA 2003a) the proposed PM is: 

     MRD50 

I     <2 mg/mL 

III     <80 mg/mL; >2 mg/mL 

Not classified    >80 mg/mL 

 

10.0 Study Report  
The test report should include the following information, if relevant to the conduct of the study:  

Test and Control Substances  
• Chemical name(s) such as the structural name used by the Chemical Abstracts Service 

(CAS), followed by other names, if known  
• The CAS Registry Number (RN), if known  
• Purity and composition of the substance or preparation (in percentage(s) by weight), to 

the extent this information is available  
• Physicochemical properties such as physical state, volatility, pH, stability, chemical class, 

water solubility relevant to the conduct of the study  
• Treatment of the test/control substances prior to testing, if applicable (e.g., warming, 

grinding)  
• Stability, if known  

Information Concerning the Sponsor and the Test Facility  
• Name and address of the sponsor  
• Name and address of the test facility  
• Name and address of the Study Director  

Justification of the Test Method and Protocol Used  

Test Method Integrity  
• The procedure used to ensure the integrity (i.e., accuracy and reliability) of the test 

method over time (e.g., periodic testing of proficiency substances, use of historical 
negative and positive control data)  

Criteria for an Acceptable Test  
• Acceptable concurrent negative control ranges based on historical data  
• Acceptable concurrent positive control ranges based on historical data  
• If applicable, acceptable concurrent benchmark control ranges based on historical data  

Test Conditions  
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• Description of test system used  
• Calibration information for measuring device used 
• Details of test procedure used  
• Test concentration(s) used  
• Description of any modifications of the test procedure  
• Reference to historical data of the model (e.g., negative and positive controls, proficiency 

substances, benchmark substances)  
• Description of evaluation criteria used  

Results  
• Tabulation of data from individual test samples 

Description of Other Effects Observed  

Discussion of the Results  

Conclusion  

A Quality Assurance Statement for Good Laboratory Practice (GLP)-Compliant Studies  
• This statement indicates all inspections made during the study, and the dates any results 

were reported to the Study Director. This statement also serves to confirm that the final 
report reflects the raw data.  

If GLP-compliant studies are performed, then additional reporting requirements provided in the 
relevant guidelines (e.g., OECD 1998; EPA 2003b, 2003c; FDA 2003) should be followed.  
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Appendix B3 
ICCVAM-Recommended EpiOcular™  (EO) Test Method Protocol 

 

 

 

 

 

ICCVAM recommends this EpiOcular™ test method protocol for nonregulatory, 
validation, or optimization studies to facilitate collection of consistent data and expand the 

available database. Exceptions and/or changes to the test method protocol should be 
accompanied by a scientific rationale. 
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ICCVAM-Recommended Protocol for Future Studies Using the 
EpiOcular™  (EO) Test Method 

 
PREFACE 

This proposed protocol for ocular toxicity is based primarily on information obtained from the 
Institute for In Vitro Sciences, Inc. (IIVS). Future studies using the EO test method could include 
further characterization of the usefulness and limitations of the EO test method in a weight-of-
evidence approach for regulatory decision-making. Users should be aware that the proposed test 
method protocol could be revised based on any additional optimization and/or validation studies that 
are conducted in the future. ICCVAM recommends that test method users consult the NICEATM-
ICCVAM website (http://iccvam.niehs.nih.gov) to ensure use of the most current test method 
protocol. 

1.0 Purpose and Applicability 
The purpose of this protocol is to evaluate the potential ocular irritation of the test substance by 
measuring 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) dye conversion by 
the EO human tissue construct, a proprietary three-dimensional epithelial construct available from 
MatTek Corporation, following topical exposure to the test substance. 

The focus of this protocol is on the use of the EO test method for the detection of substances not 
labeled as irritants, as defined by the U.S. Environmental Protection Agency (EPA; EPA, 2003a), 
European Union (EU; EU, 2001), and United Nations Globally Harmonized System (GHS) of 
Classification and Labelling of Chemicals (UN 2007). However, the EO test method is not currently 
considered to be adequately validated for classification of ocular irritancy as defined by EPA (2003a), 
EU (2001), and GHS (UN 2007). 

ICCVAM recommends this EO test method protocol for nonregulatory, validation, or optimization 
studies to facilitate collection of consistent data and expand the available database. Exceptions and/or 
changes to the test method protocol should be accompanied by a scientific rationale. 

2.0 Safety and Operating Precautions 
All procedures with the EO test method should follow the institution’s applicable regulations and 
procedures for handling human or animal substances, which include, but are not limited to, tissues 
and tissue fluids. Universal laboratory precautions are recommended, including the use of laboratory 
coats, eye protection, and gloves. If available, additional precautions required for specific study 
substances should be identified in the Material Safety Data Sheet for that substance. 

3.0 Materials, Equipment, and Supplies 
3.1 Assay Medium and Reagents 

• Assay medium is provided with the Standard EpiOcular™ kit (OCL-200). The base 
medium is Dulbecco’s Modified Eagle’s Medium (DMEM) containing epidermal growth 
factor, insulin, hydrocortisone, and other proprietary stimulators of non-keratinizing 
epithelial differentiation, gentamycin (5 µg/mL), phenol red, and amphotericin B (0.25 
µg/mL). Alternative kits with various medium components removed (e.g., antibiotic-free, 
phenol red-free, antifungal-free) are also available. 

• Dulbecco's Phosphate Buffered Saline, Ca2+- and Mg2+-Free (Ca2+Mg2+Free-DPBS) 
• Isopropanol, for extraction 
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• MTT Addition Medium is DMEM containing 2mM L-glutamine by Quality Biological 
(or equivalent) 

• Sterile deionized water by Quality Biological (or equivalent) 

3.2  EpiOcular™  Three-Dimensional Epithelial Tissue Construct 
• Standard EpiOcular™ kit (OCL-200) is available for purchase from MatTek Corporation, 

Ashland, MA (http://www.mattek.com). Each kit consists of 24 tissues, each tissue 9 mm 
in diameter. Half kit (i.e., 12 tissues) and six tissue kits are also available. The tissues are 
screened using PCR and negative for HIV, hepatitis B, and hepatitis C. The tissues are 
shipped at 4°C on medium-supplemented agarose gels. 

• The use of EO tissues offers features appropriate for a model for ocular irritation. First, 
the model is composed of stratified human keratinocytes in a three-dimensional structure. 
Secondly, test materials can be applied topically to the model so that water-insoluble 
materials may be tested. 

3.3  Chemicals 
• Isopropanol, reagent-grade 

3.4  Solutions 
Follow the manufacturer’s recommendations with regard to storage temperature and shelf life of stock 
solutions. Prepare assay solutions volumetrically. 

• Triton® X-100, 0.3% 

4.0 Test Substance Preparation 
Test articles will generally be tested neat. End use concentrations or other forms may be used. To aid 
in filling the pipet for pipettable materials that are viscous, the test article may first be transferred to a 
syringe. The pipet tip of the positive displacement pipet will be inserted into the dispensing tip of the 
syringe so that the material can be loaded into the displacement tip under pressure. Simultaneously, 
the syringe plunger is depressed as the pipet piston is drawn upwards. If air bubbles appear in the 
pipet tip, the test article should be removed (expelled) and the process repeated until the tip is filled 
without air bubbles. This method should be used for any materials that cannot be easily drawn into 
the pipet (e.g., gels, toothpastes, mascaras, and face creams) and solid test articles that are creamed 
like lipsticks and antiperspirants/deodorant sticks. Dry powders will be ground with a mortar and 
pestle and passed through a #40 copper sieve, if needed. Materials that are too viscous to spread over 
the tissue will first be spread onto the flat end of a dosing device. When the test article must first be 
applied to a dosing device, approximately 30 µL or 30 mg of material will be applied to the dosing 
device so as to cover the dosing surface. The sample should be spread to form a relatively smooth 
even layer on the surface of the dosing device to maximize uniform tissue contact. Solids such as 
lipsticks or antiperspirant/deodorant sticks can be pre-softened by creaming a portion in a weigh boat. 
The softened portion can be transferred to a syringe affixed with a three way stopcock attached to a 
second syringe. The sample is pushed from syringe to syringe until it is of a consistency, which can 
be pipetted. The exact exposure conditions used for other test article forms will be determined. 

Controls 
5.1 Negative Control 
A negative control (e.g., sterile deionized water or other solvent as appropriate) is included in each 
experiment in order to detect nonspecific changes in the test system, as well as to provide a baseline 
for the assay endpoints. 
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5.2 Positive Control 
A known ocular irritant is included in each experiment to verify that an appropriate response is 
induced. For the EO test method, the positive control is 0.3% Triton® X-100. The selection of positive 
control test substances should be based on the availability of high quality in vivo data. 
5.3 Benchmark Substances (if appropriate) 
Benchmark substances are useful for evaluating the ocular irritancy potential of unknown chemicals 
of a specific chemical or product class, or for evaluating the relative irritancy potential of an ocular 
irritant within a specific range of irritant responses. Appropriate benchmark substances should have 
the following properties: 

• A consistent and reliable source(s) 
• Structural and functional similarity to the class of the substance being tested 
• Known physical/chemical characteristics 
• Supporting data on known effects in the in vivo rabbit eye test 
• Known potency in the range of the desired response 

6.0 Experimental Design 
6.1 Test System 
The EO human cell construct described in Section 3.2 is used. According to the manufacturer, the EO 
tissue construct is derived from normal, human epidermal keratinocytes derived from the neonatal 
foreskin of a single donor and cultured using serum-free media to form a stratified squamous 
epithelium similar to that found in the cornea. The tissue construct consists of highly organized basal 
cells that progressively flatten out, as the apical surface of the tissue is approached, analogous to the 
normal in vivo corneal epithelium. EO is mitotically and metabolically active and releases many of 
the pro-inflammatory agents (cytokines) known to be important in ocular irritation and inflammation. 
Substances are applied topically, which permits the use of solid or semi-solid materials (e.g., gels) in 
addition to water-soluble materials. 

Prior to use, each plate (6, 12, and 24-well) will be uniquely identified with a number written in 
permanent marker, on the plate and its cover, the test article number, and the exposure time. 

The experimental design of this study consists of the determination of the pH of the neat liquid test 
substance if possible (and/or dosing solution as appropriate) and a single definitive assay. The toxicity 
of the test substance will be evaluated by the exposure time required to reduce tissue viability to 50% 
of controls (ET50). Viability will be determined by the NAD(P)H-dependent microsomal enzyme 
reduction of MTT (and to a lesser extent, by the succinate dehydrogenase reduction of MTT) in 
control and test article-treated cultures (Berridge et al. 1996). Data will be presented in the form of 
relative survival (relative MTT conversion) versus test substance exposure time. 

One of two exposure time ranges may be used. The standard exposure time range extends up to four 
hours and is used for most substances to be tested. For extremely mild substances, such as those that 
might be applied around or in the eyes, a long exposure assay might be used. For the long exposure 
study, exposure times of up to 24 hours could be used. In general, the standard exposure range will be 
used, unless the available information (e.g., test substance chemical class or physicochemical 
properties necessitates an alternative exposure time range). 

6.2 Collection and Transport Conditions of EO Tissues 
Including time in transit, tissues may be stored at 4°C for up to four days prior to use. However, 
extended storage periods are not recommended unless absolutely necessary. In addition, the best 
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reproducibility will be obtained if tissues are used consistently on the same day (e.g., Tuesday 
afternoon or following overnight storage at 4°C on Wednesday morning). 

6.3 Administration of Test Substances 
Test substances will generally be tested neat. End-use concentrations or other forms may be used as 
needed. One hundred µL of pipettable substances, such as liquids, gels, creams, and foams, will be 
applied directly on the tissue so as to cover the upper surface (i.e., topical administration). Powders 
will be placed directly onto the culture at approximately 30 mg/culture. For viscous substances 
applied with the aid of a dosing device, the dosing device is placed into the Millicell® to bring the test 
substance in contact with the tissue. All exposure conditions must be documented. 

6.4 pH Determination 
The pH of the neat liquid test substance (and/or dosing solution as appropriate) will be determined, if 
possible. The pH will be determined using pH paper (e.g., with a pH range of 0 – 14 to estimate, 
and/or a pH range of 5-10 to determine a more precise value). The typical increments on the pH paper 
used to report the pH are approximately 0.3 to 0.5 pH units. The maximum increment on the pH paper 
is 1.0 pH unit. 

6.5 Controls  
Generally, at least two negative control exposure times will be used. One negative control exposure 
time will be selected to fit the range of the shortest test substance or positive control exposure times 
(the minimum negative control exposure time will be 15 minutes). The second negative control 
exposure time will be selected to match the longest test substance or positive control exposure time 
(whichever is longer, up to 240 minutes). On occasion, the second negative control exposure time 
may be selected to fit the longest test substance exposure time of a test substance run concurrently, 
but from an independent study. For the long exposure assay (exposures of greater than 240 minutes), 
multiple negative control exposure times may be selected to fit the range of test substance exposure 
times. A single negative control exposure-time may be used if all exposure times are one hour and 
less. Additional negative control exposure times may be selected if needed. Positive control cultures 
are treated with 0.3% (3 mg/mL) Triton®-X-100 prepared in sterile deionized water and are exposed 
for 15 and 45 minutes. At least two cultures will be used for each negative and positive control 
exposure time. 

6.6 Assessment of Direct Reduction of MTT by the Test Substance 
It is necessary to assess the ability of each test substance to directly reduce MTT. A 1.0 mg/mL MTT 
solution will be prepared in warm MTT Addition Medium. Approximately 100 µL (liquid test 
substances) or 30 mg (solid test substances) will be added to 1 mL of the MTT solution and the 
mixture incubated in the dark at 37±1ºC in a humidified atmosphere of 5±1% CO2 in air (standard 
culture conditions) for approximately one hour. The negative control (100 µL) will be run 
concurrently. If the MTT solution color turns blue/purple, the test substance is presumed to have 
reduced the MTT. Water-insoluble test substances may show direct reduction (darkening) only at the 
interface between the test substance and the medium. 

6.7 Receipt of the EpiOcular™  Tissue 
Upon receipt of the EO assay materials, the solutions will be stored as indicated by the manufacturer. 
The tissue will be stored at 2-8ºC until used. On the day of dosing, EO assay medium will be warmed 
to approximately 37ºC. Nine tenths (0.9) mL of Assay Medium will be aliquoted into the appropriate 
wells of prelabeled 6-well plates. The 6-well plates will be labeled with the test substance(s) and 
exposure time(s). Each tissue will be inspected for air bubbles between the agarose gel and Millicell® 
insert prior to opening the sealed package. Cultures with air bubbles under greater than 50% of the 
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Millicell® area will not be used. Each 24-well shipping container will be removed from its plastic bag 
and its surface disinfected by wiping with 70% ethanol-soaked tissue paper. An appropriate number 
of tissues will be transferred aseptically from the 24-well shipping containers into the 6-well plates. 
The EO tissues will be incubated at standard culture conditions for at least one hour. The medium will 
be aspirated and 0.9 mL of fresh Assay Medium will be aliquoted into each assay well below the 
tissue. Upon opening the bag, any unused tissues remaining on the shipping agar at the time of tissue 
transfer will be briefly gassed with an atmosphere of 5% CO2/95% air, and the bag will be sealed and 
stored at 2-8ºC for subsequent use. 

6.8 Definitive MTT Assay 
Four to five exposure times will be tested for each test substance. The exposure times should be 
chosen to maximize the response based on knowledge of the test substance (e.g., chemical class or 
physicochemical characteristics). In the short-term exposure assay, if the expected range of toxic 
response is unknown, a 20-minute exposure time may be performed first to determine the remaining 
exposure durations. The maximum exposure time will be 240 minutes unless there is a need to extend 
it, based on knowledge of the test substance. 

Two tissues will be treated for each test substance at each control exposure time. The dosing 
procedure will be determined as indicated in Section 6.5. Generally, exposure times of ten minutes or 
greater will be incubated at standard culture conditions. 

The positive control will be exposed for 15 and 45 minutes. A second negative control will be 
exposed for the longest exposure time used for the test or control substances up to 240 minutes. 

At the end of the treatment time, the test substance will be removed by extensively rinsing both sides 
of the culture with room temperature Ca2+ and Mg2+-Free Dulbecco's Phosphate Buffered Saline 
(Ca2+Mg2+-Free-DPBS). The process will be performed until the culture appears free from test 
substance. If it is not possible to remove all of the visible test material, this will be noted. 

After rinsing, the tissue will be transferred to 5 mL of Assay Medium for a 10 to 20 minute 
incubation period at room temperature. This rinse is intended to remove any test substance absorbed 
into the tissue. 

A 10X stock of MTT prepared in PBS (filtered at time of batch preparation) will be thawed and 
diluted in warm MTT Addition Medium to produce the 1.0 mg/mL solution no more than two hours 
before use. Alternatively, a 1.0 mg/mL MTT solution will be prepared in warm MTT Addition 
Medium and filtered through a 0.45 µm filter to remove undissolved crystals. Three hundred µL of 
the MTT solution will be added to each designated well of a prelabeled 24-well plate. The tissue will 
be transferred to the appropriate wells after rinsing, and the plates incubated for 3±0.1 hours at 
standard culture conditions. 

After 3 +/- 0.1 hours, the bottom of the EO tissue constructs will be blotted on absorbent paper, 
cleared of excess liquid, and transferred to a prelabeled 24-well plate containing 2.0 mL of 
isopropanol in each designated well. The plates will be sealed with parafilm and stored in the 
refrigerator (2-8ºC) until the last exposure time is harvested. The plates are then shaken for at least 2 
hours at room temperature. At the end of the extraction period, the liquid within each Millicell® insert 
will be decanted into the well from which it was taken. The extract solution will be mixed and 200 µL 
transferred to the appropriate wells of a prelabeled 96-well plate(s). Two hundred µL of isopropanol 
will be added to the wells designated as blanks. The absorbance at 550 nm (OD550) of each well will 
be measured with a Molecular Devices Vmax plate reader. 

6.9 Killed Controls for Assessment of Residual Test Substance Reduction of MTT 
In cases where the test substance is shown to reduce MTT, only test substances that remain bound to 
the tissue after rinsing, resulting in a false MTT reduction signal, present a problem. To demonstrate 
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that residual test substance is not acting to directly reduce the MTT, a functional check is performed 
in the definitive assay to show that the test substance is not binding to the tissue and leading to a false 
MTT reduction signal. 

To determine whether residual test substance is acting to directly reduce the MTT, a freeze-killed 
control tissue is used. Freeze-killed tissue is prepared by placing untreated EO constructs in the –20ºC 
freezer at least overnight, thawing to room temperature, and then refreezing. Once refrozen, the tissue 
may be stored indefinitely in the freezer. To test for residual test substance reduction, killed tissues 
are treated with the test substances in the normal fashion. Generally, each test substance will be 
evaluated for at least the shortest and longest exposure times (or longest exposure time if all 
exposures are 1 hour or less) in single replicate killed tissues. All assay procedures will be performed 
as for the viable tissue. A killed control treated with sterile deionized water (negative killed control) 
will be tested in parallel since a small amount of MTT reduction is expected from the residual NADH 
and associated enzymes within the killed tissue. 

If little or no MTT reduction is observed in the test substance-treated killed control, the MTT 
reduction observed in the test substance-treated viable tissue may be ascribed to the viable cells. If 
there is appreciable MTT reduction in the treated killed control (relative to the amount in the treated 
viable tissue), additional steps must be taken to account for the chemical reduction or the test 
substance may be considered untestable in this system. The OD550 values from the killed controls will 
be analyzed as described in Section 7.1. 

7.0 Evaluation of Test Results 
7.1 Data Evaluation and Interpretation 
The raw absorbance values will be captured, and the following calculations made: The mean OD550 of 
the blank control wells will be calculated. The corrected mean OD550 of the exposure time control(s) 
will be determined by subtracting the mean OD550 of the blank control from their mean OD550’s. The 
corrected OD550 of the individual test substance exposure times and the positive control exposure 
times will be determined by subtracting the mean OD550 of the blank control from their respective 
OD550’s. When applicable, corrected OD550 values will be calculated for the control and test 
substance-treated killed controls, as well. Generally, all calculations will be performed using 
Microsoft Excel as follows:  

Corrected test substance exposure time OD550 = Test substance exposure time OD550 – Blank 
mean OD550 

If killed controls (KC) are used, the following additional calculations will be performed to correct for 
the amount of MTT reduced directly by test substance residues. The OD550 value for the negative 
control killed control will be subtracted from the OD550 values for each of the test substance-treated 
killed controls (at each exposure time), to determine the net OD550 values of the test substance-
treated, killed controls as follows:  

Net OD550 for each test substance KC = Raw OD550 test substance KC – Raw OD550 negative 
control KC 

The net OD550 values represent the amount of reduced MTT due to direct reduction by test substance 
residues at specific exposure times. In general, if the net OD550 value is greater than 0.150, the net 
amount of MTT reduction will be subtracted from the corrected OD550 values of the viable treated 
tissues, at each corresponding exposure time, to obtain a final corrected OD550 value. These final 
corrected OD550 values will be used to determine the percent of control viabilities at each exposure 
time as follows: 

Final corrected OD550 = Corrected test substance OD550 (viable) – Net OD550 test substance 
(KC) 
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Finally, the following percent of control calculations will be made as follows:  

Percent of Control =(Corrected OD550 of each test substance or positive control exposure 
time / Corrected mean OD550 of negative control) X 100 

The individual % of control values are averaged to calculate the mean percent of control per exposure 
time. Viability calculations for test substances treated in the long exposure time assay may be 
performed by comparing the corrected OD550’s of each test substance exposure time to the 
appropriate exposure time control(s). 

Exposure time response curves may be plotted with the % of control on the ordinate and the test 
substance exposure time on the abscissa. Other plot forms may be used as needed. The ET50 will be 
interpolated from each plot. To determine the ET50, two adjacent points will be selected, one that 
shows greater than 50% survival and one that shows less than 50% survival. The two selected points 
will be used to determine the slope and the y-intercept for the equation y = m(x) + b. Finally, to 
determine the ET50, the equation will be solved for y = 50. If all of the exposure time points show 
greater than 50% survival, the ET50 will be listed as greater than the longest exposure time. If all of 
the exposure times show less than 50% survival, the ET50 will be presented as less than the shortest 
exposure time. Additional assays may be performed as needed to produce the final ET50 value. 

8.0 Criteria for an Acceptable Test 
The assay will be accepted if the positive control, 0.3% Triton-X-100, causes an ET50 within two 
standard deviations of the historical mean. The historical mean is updated every three months. The 
corrected mean OD550 value for the minimum negative control exposure time must be within 20% of 
the corrected mean OD550 value for the maximum negative control exposure time (up to 240 minutes). 

9.0 Data Interpretation 
Test substances with an ET50 ≥ 70 minutes are identified as substances not labeled as irritants. 

10.0 Study Report 
A report of the results of this study will be prepared by the testing laboratory and will accurately 
describe all methods used for generation and analysis of the data. A summary will be prepared 
reporting the ET50 values for each test substance as well as the positive control data. A copy of the 
protocol used for the study and any significant deviation(s) from the protocol will appear as a part of 
the final report. 

A separate working notebook will be used to record the materials and procedures used to perform this 
study. Upon completion of the final report, all raw data, reports and specimens will be retained in the 
archives for a period of either a) 5 years, b) the length of time specified in the contract terms and 
conditions, or c) as long as the quality of the preparation affords evaluation, whichever is applicable. 

The test report should include the following information, if relevant to the conduct of the study:  

Test and Control Substances  
• Chemical name(s) such as the structural name used by the Chemical Abstracts Service 

(CAS), followed by other names, if known 
• The CAS Registry Number (RN), if known 
• Purity and composition of the substance or preparation (in percentage(s) by weight), to 

the extent this information is available 
• Physicochemical properties such as physical state, volatility, pH, stability, chemical class, 

water solubility relevant to the conduct of the study 
• Treatment of the test/control substances prior to testing, if applicable (e.g., warming, 

grinding) 
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• Stability, if known 

Information Concerning the Sponsor and the Test Facility  
• Name and address of the Sponsor 
• Name and address of the test facility 
• Name and address of the Study Director 

Justification of the Test Method and Protocol Used  

Test Method Integrity  
• The procedure used to ensure the integrity (i.e., accuracy and reliability) of the test 

method over time (e.g., periodic testing of proficiency substances, use of historical 
negative and positive control data) 

Criteria for an Acceptable Test  
• Acceptable concurrent negative control ranges based on historical data 
• Acceptable concurrent positive control ranges based on historical data 
• If applicable, acceptable concurrent benchmark control ranges based on historical data 

Test Conditions  
• Description of test system used 
• Calibration information for instrument used for optical density measurements (e.g., 

spectrophotometer) 
• Details of test procedure used 
• Test concentration(s) used 
• Description of any modifications of the test procedure 
• Reference to historical data of the model (e.g., negative and positive controls, proficiency 

substances, benchmark substances) 
• Description of evaluation criteria used 

Results  
• Tabulation of data from individual test samples (e.g., ET50) 

Description of Other Effects Observed  

Discussion of the Results  

Conclusion  

A Quality Assurance Statement for Good Laboratory Practice (GLP)-Compliant Studies  
• This statement indicates all inspections made during the study, and the dates any results 

were reported to the Study Director. This statement also serves to confirm that the final 
report reflects the raw data. 

If GLP-compliant studies are performed, then additional reporting requirements provided in the 
relevant guidelines (e.g., OECD 1998; EPA 2003a, 2003b; FDA 2003) should be followed.  
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Preface 

Commercial and household cleaning products require labeling to indicate if they are hazardous to the 
consumer and have the potential to cause injury during handling or use, including possible ingestion 
by children. The U.S. Consumer Product Safety Commission (CPSC) typically regulates these 
cleaning products. However, inclusion of an antimicrobial claim in such cleaning products 
necessitates their registration as antimicrobial pesticides with the U.S. Environmental Protection 
Agency (EPA). Accordingly, to comply with EPA classification and labeling requirements for eye 
irritation (EPA 2003a), a product manufacturer must test these cleaning products in the Draize rabbit 
eye test (Draize et al. 1944) to adequately characterize their ocular hazard potential. 

In June 2004, the EPA contacted the National Toxicology Program Interagency Center for the 
Evaluation of Alternative Toxicological Methods (NICEATM), which administers the Interagency 
Coordinating Committee on the Validation of Alternative Methods (ICCVAM) and provides 
scientific support for ICCVAM activities, to seek the assistance in a technical assessment of an in 
vitro testing strategy that would meet their need to evaluate, categorize, and label antimicrobial 
cleaning products (AMCPs) for eye irritation. Subsequently, the Alternative Testing Working Group 
(ATWG), a consortium of seven consumer product companies (Clorox, Colgate-Palmolive, Dial, 
EcoLabs, JohnsonDiversey, Procter & Gamble, and SC Johnson), developed a testing strategy that is 
comprised of three in vitro test methods (i.e., bovine corneal opacity and permeability [BCOP], 
Cytosensor® Microphysiometer [CM], and EpiOcular™ [EO]) for this limited group of products. The 
Institute for In Vitro Sciences, Inc., which coordinated the ATWG collaboration, performed 
additional testing to complete parallel sets of in vivo and in vitro data and described the testing 
strategy in a background review document (BRD). The EPA and the ATWG requested that 
NICEATM and ICCVAM use the information in the AMCP BRD to conduct a technical review of 
the scientific validity of the AMCP testing strategy. The EPA and the ATWG sought to determine 
whether EPA could be assured with a reasonable degree of certainty that the AMCP testing strategy 
would be useful for making hazard classification and labeling decisions for AMCPs in order to 
appropriately inform users. A Federal Register (FR) notice (70 FR 13512) issued on March 21, 2005, 
requested relevant data and nominations for potential peer review panel members. 

NICEATM received an initial draft of the AMCP BRD from the Institute for In Vitro Sciences, Inc., 
on December 27, 2007; formal transmittal letters were received from the Institute for In Vitro 
Sciences, Inc., and the EPA on January 8 and 10, 2008, respectively. On March 17, 2008, following a 
preliminary review of the AMCP BRD, the ICCVAM Ocular Toxicity Working Group (OTWG) 
requested additional information and data from the Institute for In Vitro Sciences, Inc. The additional 
data, which were necessary to complete an evaluation, were received on April 4, 2008. 

On April 4, 2008, Federal Register notice (73 FR 18535) requested relevant data and nominations for 
potential peer review panel members. On June 23–24, 2008, the OTWG and ICCVAM assigned this 
activity a high priority following consideration of comments from the public and ICCVAM’s 
advisory committee, the Scientific Advisory Committee on Alternative Toxicological Methods 
(SACATM). The Institute for In Vitro Sciences, Inc. submitted a final revised AMCP BRD on July 
21, 2008. A supplement to the AMCP BRD, which included reliability analyses for the in vitro test 
methods (i.e., BCOP, CM, and EO), was submitted on October 8, 2008. 

The OTWG worked with NICEATM to prepare this summary review document (SRD), which 
summarizes the current validation status of the AMCP testing strategy based on information in the 
AMCP BRD and other related information and data obtained by NICEATM. This AMCP SRD also 
provides similar information for an alternate AMCP testing strategy. This AMCP SRD summarizes 
the information from the AMCP BRD needed to evaluate the validation status of each of the in vitro 
test methods, the AMCP testing strategy, and the alternate AMCP testing strategy and forms the basis 
for the ICCVAM test method recommendations. 
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An independent international scientific peer review panel met in public forum on May 19–21, 2009, 
to develop conclusions and recommendations for the AMCP testing strategy. The Panel included 
expert scientists nominated by the European Centre for the Validation of Alternative Methods 
(ECVAM) and the Japanese Center for the Validation of Alternative Methods (JaCVAM). The Panel 
considered this AMCP SRD and evaluated the extent to which the available information supported 
the draft ICCVAM test method recommendations. ICCVAM considered the conclusions and 
recommendations of the Panel, along with comments received from the public and the SACATM, 
before finalizing this AMCP SRD and test method recommendations. 

We gratefully acknowledge the organizations and scientists who provided data and information for 
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Executive Summary 

The Alternative Testing Working Group, a consortium of consumer product companies, developed a 
testing approach for antimicrobial cleaning products (AMCPs). In 2007, the Institute for In Vitro 
Sciences, Inc. (IIVS), described the approach in a background review document (BRD). The AMCP 
testing strategy consists of three in vitro test methods: bovine corneal opacity and permeability 
(BCOP), Cytosensor® Microphysiometer (CM), and EpiOcular™ (EO). The AMCP BRD includes a 
detailed protocol for each test method. Decision criteria were developed for each test method to 
correspond to the four ocular hazard categories in the U.S. Environmental Protection Agency (EPA) 
classification system (EPA Category I, II, III, and IV [EPA 2003a]). These test methods use a variety 
of endpoints to predict the potential of test substances to cause eye irritation. 

The AMCP Testing Strategy: Combining the BCOP, CM, and EO Test Methods 
The BCOP includes two primary endpoints, opacity and permeability. Opacity and permeability 
measurements are used to calculate an in vitro irritancy score (IVIS).1 Histopathology evaluation of 
the affected tissue is an optional endpoint. Substances with an IVIS ≥75 are classified as EPA 
Category I; those with an IVIS ≥25 and <75 are EPA Category II; and substances with an IVIS <25 
are EPA Category III. If a test substance produces an IVIS <75, further assessment using 
histopathology evaluation can determine whether it meets the criteria for classification as EPA 
Category I, II, or III. Because the data points from EPA Category III and Category IV overlap and it’s 
impossible to assign a cutoff value, the AMCP BRD does not propose BCOP decision criteria for 
EPA Category IV.  

The endpoint for the CM test method is the estimated concentration of a test substance needed to 
reduce the basal metabolic rate of L929 cells by 50% (the MRD50). Substances with an MRD50 value 
<2 mg/mL are classified as EPA Category I; those with an MRD50 ≥2 mg/mL and <80 mg/mL are 
EPA Category III; and substances with an MRD50 ≥80 mg/mL are classified as EPA Category IV. 
The AMCP BRD does not propose CM decision criteria for EPA Category II because the data points 
from EPA Category I and Category II overlap making it impossible to assign a cutoff value. 

The endpoint for the EO test method is the time needed to reduce cell viability by 50% (ET50). 
Substances with an ET50 <4 minutes are classified as EPA Category I; those with an ET50 ≥4 minutes 
and <70 minutes are EPA Category III; and substances with an ET50 ≥70 minutes are classified as 
EPA Category IV. The AMCP BRD does not propose decision criteria for the EO test method for 
EPA Category II because the database includes only one EPA Category II substance. 

The AMCP BRD proposes starting with different test methods depending on the chemical properties 
of the test substance. If the test substance is an oxidizer, which suggests that it will be an ocular 
corrosive or severe irritant, it is first tested in the BCOP test method. As noted above, test substances 
that produce an IVIS ≥75 would be classified as EPA Category I. If a test substance produces an IVIS 
<75, further assessment using histopathology evaluation can determine whether it meets the criteria 
for classification as EPA Category I, II, or III. 

To determine whether the test substance is EPA Category III or IV, the test substance is subsequently 
tested in either the CM or EO test method to determine the final hazard category. The choice of test 
method depends on the chemical properties of the test substance. If the test substance is water soluble, 
it can be tested in either the CM test method or the EO test method. If it is water insoluble, it must be 
tested in the EO test method to determine the final hazard classification. 

                                                  
1The in vitro irritancy score (IVIS) is the sum of the mean corrected opacity value (± standard deviation [SD]) 
and 15 times the mean corrected permeability value (OD490 units ± SD). 
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Alternate AMCP Testing Strategy: Combining the BCOP and EO Test Methods 
None of the 228 substances in the validation database has been tested in all three of the in vitro test 
methods included in the AMCP testing strategy. ICCVAM also had concerns about the validation 
status of the low volume eye test (LVET),2 which was used as the in vivo reference test method for all 
of the CM test method data. Therefore, the Interagency Coordination Committee on the Validation of 
Alternative Methods (ICCVAM) evaluated an alternate AMCP testing strategy that included only the 
BCOP and the EO test methods. In this alternate AMCP testing strategy, the BCOP test method 
would be used to identify EPA Category I and II substances and the EO test method would be used to 
identify EPA Category III and IV substances. 

Testing in the alternate AMCP testing strategy could proceed by one of two approaches: (1) test in the 
BCOP test method first and then in the EO test method or (2) test in the EO test method first and then 
in the BCOP test method. Using the first approach, the BCOP test method would classify all EPA 
Category I and II substances. All other substances would then be tested in the EO test method and 
classified as either EPA Category III or IV. Using the second approach, substances would first be 
tested in the EO test method, which would classify all EPA Category III and IV substances. All other 
substances would then be tested in the BCOP test method and classified as either EPA Category I 
or II. 

Validation Database 

A total of 228 substances were included in the validation database for the AMCP BRD. These include 
68 substances tested in the BCOP test method, 105 substances tested in the CM test method, and 55 
substances tested in the EO test method. None of the 228 substances has been tested in all three in 
vitro test methods. According to the submitter, “a minimum 28 of the materials are EPA registered 
AMCPs, with eight additional materials being in-use dilutions of concentrates which are EPA 
registered” (Rodger Curren, IIVS, Inc., personal communication). 

The distribution of product categories differed among the test methods. Most of the 105 substances 
tested in the CM test method are surfactants (78%). The substances tested in the BCOP and EO test 
methods are relatively equally distributed among alkalis, oxidizers, solvents, and surfactants 
(approximately 20% to 30% each). 

Only 28 AMCPs have been tested in both the BCOP and EO test methods. 

In Vivo Reference Data 
The test method protocol used to generate the in vivo reference data varied among the 228 substances. 
Among the 68 substances tested in the BCOP test method, 85% were also tested in the traditional 
Draize rabbit eye test protocol (i.e., OECD TG 405 [OECD 2002]). Another 12% were tested with a 
nontraditional protocol (i.e., application volume of 30 µL instead of 100 µL or application as an 
aerosol spray). The remaining 3% were tested in the LVET.  

Among the 55 substances tested in the EO test method, 55% were tested in the Draize rabbit eye test, 
and 45% were tested in the LVET. All 105 of the substances tested in the CM test method were tested 
in the LVET. 

                                                  
2 The LVET is a modification to the rabbit eye test that involves application of 10 µL of the test substance 
directly to the corneal surface instead of 100 µL of the test substance applied into the conjunctival sac. 
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Test Method Accuracy 

The Bovine Corneal Opacity and Permeability Test Method 
The validation database of 66 substances tested in both the BCOP test method and the Draize rabbit 
eye test showed 55% accuracy (36 of 66 tests agreed in overall EPA classification) (Table 1). The 
BCOP test method correctly classified only 60% as EPA Category II and 50% as EPA Category III. 
However, the BCOP test method correctly identified 90% of the EPA Category I substances. Because 
the AMCP BRD does not propose BCOP decision criteria for EPA Category IV, all 19 substances 
were overpredicted. 

The Cytosensor Microphysiometer Test Method 
The validation database includes 105 unique substances tested in both the CM test method and the 
LVET (Table 1). Three substances were tested twice for a total of 108 tests. These tests had 30% 
accuracy (32 of 108 tests agreed in overall classification of EPA Category I, II, III, or IV). The CM 
test method overclassified the majority of EPA Category II, III, and IV substances in the database: 
100% of the EPA Category II substances, 67% of the EPA Category III substances, and 89% of the 
EPA Category IV substances. Because the AMCP BRD does not propose CM test method decision 
criteria for EPA Category II, the CM test method overclassified all EPA Category II and III 
substances as EPA Category I. 

The EpiOcular Test Method 
Among the 55 substances tested in the EO test method (Table 1), 30 were also tested in the Draize 
rabbit eye test (29 qualified for EPA hazard classification) and 25 were tested in the LVET. Those 
tested in both the EO test method and the Draize rabbit eye test had 76% accuracy (22 of 29 tests 
agreed in overall classification of EPA Category I, II, III, or IV). The EO test method correctly 
identified three (75%) of the four substances categorized as EPA Category III by the Draize rabbit 
eye test. The EO test method correctly identified 44% of the nine EPA Category IV substances. Four 
of the five substances incorrectly identified by the EO test method were overclassified as EPA 
Category III. The EO test method overclassified the remaining substance as EPA Category I. All of 
the EPA Category I substances were correctly identified. 

Among the 25 substances tested in both the EO test method and the LVET (Table 1), the EO test 
method correctly classified 44%. The EO test method correctly identified 67% of the 12 substances 
classified as EPA Category III by the LVET. None of the nine EPA Category IV substances was 
correctly identified; 44% were overclassified as EPA Category III; and 56% were overclassified as 
EPA Category I. The EO test method correctly identified all three of the substances classified as EPA 
Category I by the LVET. 

AMCP Testing Strategy: Combining the BCOP, CM, and EO Test Methods 
As explained above, none of the 228 substances included in the AMCP BRD was tested in all three of 
the in vitro test methods proposed for the AMCP testing strategy. Therefore, no data are available to 
characterize the actual performance of a testing strategy that includes the BCOP, CM, and EO test 
methods. 

Alternate AMCP Testing Strategy: Combining the BCOP and EO Test Methods 
The BCOP and EO test methods were both used to test 28 substances for which Draize rabbit eye test 
data were available. This suggested an alternate AMCP testing strategy in which the BCOP test 
method might be used to identify EPA Category I or Category II substances and the EO test method 
might be used to identify EPA Category III or Category IV substances. ICCVAM evaluated the data 
based on two approaches: (1) test in the BCOP test method first and then in the EO test method or (2) 
test in the EO test method first and then in the BCOP test method.  
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Table 1 Performance of AMCPs in the Bovine Corneal Opacity and Permeability, 
Cytosensor Microphysiometer, and EpiOcular Test Methods Compared to the 
Draize Rabbit Eye Test or the Low Volume Eye Test as Reported in the AMCP 
BRD Using the EPA Classification System 

Performance of the In Vitro Test Method Compared to the In Vivo Reference Test Method 
Using the EPA Classification System 

I II III IV 

In Vitro 
Test 

Method 

In Vivo 
Test 

Method 

Overall 
Classifi-
cation 

Actual Under Over Actual Under Over Actual Under Over Actual 

BCOP1 Draize 55% 
(36/66) 

90% 
(27/30) 

10% 
(3/30) 

20% 
(1/5) 

60% 
(3/5) 

20% 
(1/5) 

50% 
(6/12) 

50% 
(6/12) 

0% 
(0/12) 

100% 
(19/19) 

0% 
(0/19) 

CM2 LVET 30% 
(32/108) 

100% 
(9/9) 

0% 
(0/9) 

100% 
(11/11) 

0% 
(0/11) 

0% 
(0/11) 

67% 
(40/60) 

33% 
(20/60) 

0% 
(0/60) 

89% 
(25/28) 

11% 
(3/28) 

EO3 Draize 76% 
(22/29) 

100% 
(15/15) 

0% 
(0/15) 

0% 
(0/1) 

0% 
(0/1) 

100% 
(1/1) 

25% 
(1/4) 

75% 
(3/4) 

0% 
(0/4) 

56% 
(5/9) 

44% 
(4/9) 

EO4 LVET 44% 
(11/25 

100% 
(3/3) 

0% 
(0/3) 

100% 
(1/1) 

0% 
(0/1) 

0% 
(0/1) 

33% 
(4/12) 

67% 
(8/12) 

0% 
(0/12) 

100% 
(9/9) 

0% 
(0/9) 

Abbreviations: AMCP = antimicrobial cleaning product; BCOP = bovine corneal opacity and permeability; 
CM = Cytosensor Microphysiometer; EO = EpiOcular; EPA = U.S. Environmental Protection Agency; 
ET50 = estimated time to decrease keratinocyte viability in the EO test method by 50%; IVIS = in vitro 
irritancy score; LVET = low volume eye test; MRD50 = concentration of test substance that decreases the 
metabolic rate by 50% determined by a plot of the concentration-response curve. 

1 Classification of the BCOP data was based on IVIS ≥75 = EPA Category I; IVIS ≥25 and <75 = EPA 
Category II; IVIS <25 = EPA Category III. The BCOP test method was not proposed to identify EPA 
Category IV. All BCOP classifications, including high-solvent substances, used a 10-minute exposure time. 
The database comprised 66 substances tested in both the BCOP test method and the Draize rabbit eye test. 

2 Classification of the CM data was based on MRD50 <2 mg/mL = EPA Category I; MRD50 ≥2mg/mL and 
<80 mg/mL = EPA Category III; MRD50 ≥80 mg/mL = EPA Category IV. The CM test method was not 
proposed to identify EPA Category II. The database consisted of 108 substances tested in both the CM test 
method and in the LVET (105 different substances because three substances were tested twice). 

3 Classification of the EO data was based on ET50 <4 min = EPA Category I; ET50 ≥4 min and <70 min = EPA 
Category III; ET50 ≥70 min = EPA Category IV. The EO test method was not proposed to identify EPA 
Category II. The database consisted of 29 substances tested in both the EO test method and the Draize rabbit 
eye test that qualified for EPA hazard classification (i.e., one substance producing a Draize score greater than 
1 was not evaluated through day 21 as required by EPA). 

4 Classification of the EO data was based on ET50 <4 min = EPA Category I; ET50 ≥4 min and <70 min = EPA 
Category III; ET50 ≥70 min = EPA Category IV. The EO test method was not proposed to identify Category 
II. The database consisted of 25 substances tested in both the EO test method and the LVET. 

 

For the first approach, ICCVAM evaluated the BCOP test method's ability to identify substances as 
either EPA Category I or Category II. All 15 substances that were classified as EPA Category I or II 
in the BCOP test method were removed from the database. The remaining 13 substances were then 
evaluated in the EO test method for identifying EPA Category III or IV substances. The reverse was 
done for the second approach: the EO test method was evaluated for its ability to classify substances 
as either EPA Category III or IV. All 13 substances that had been classified as EPA Category III or 
IV by the EO test method were removed from the database. The remaining 15 substances were then 
evaluated in the BCOP test method for identifying EPA Category I or II substances. 
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The alternate AMCP testing strategy performed the same regardless of which approach was used 
(Table 2). The alternate AMCP testing strategy correctly classified 79% of the substances, which 
included all 14 of the EPA Category I substances, all four of the EPA Category III substances, and 
four of the nine (44%) EPA Category IV substances. The one EPA Category II substance was 
underpredicted as EPA Category III. 

Test Method Reliability 

The Bovine Corneal Opacity and Permeability Test Method 
In the AMCP BRD, intralaboratory repeatability for the BCOP test method (i.e., comparison of 
within-experiment runs of a test substance) was determined for 67 AMCPs (four substances have 
repeat tests) as the mean percent coefficient of variation (%CV) for opacity, permeability, and IVIS. 
Because scores in the very low range significantly affect %CVs, the mean %CVs for materials with 
an IVIS ≤ 10 (arbitrarily set in the AMCP BRD) were excluded from the overall mean %CV 
calculations. The overall mean %CVs for opacity, permeability, and IVIS were 21%, 25%, and 18%, 
respectively. 

These 67 test substances, tested in a total of 75 runs, were also evaluated for their agreement in the 
EPA (EPA 2003a) and Globally Harmonized System of Classification and Labelling of Chemicals 
(GHS; UN 2007) ocular hazard classification systems. The EPA and GHS classification systems had 
100% agreement in 84% (63 of 75) of test runs, 67% agreement in 15% (11 of 75) of test runs, and 
60% agreement in 1% (1 of 75) of test runs. Among the 12 test runs that did not have 100% 
agreement, seven substances had reactive chemistries, two were alkalis, two were surfactants, and one 
was an acid. 

Intralaboratory repeatability for the BCOP test method was determined for non-AMCPs classified as 
severe or ocular corrosives in three BCOP studies, which tested from 16 to 52 substances (ICCVAM 
2006a). The mean %CVs for IVIS ranged from 39% to 71%. 

Intralaboratory reproducibility for the BCOP test method (i.e., comparison of between-experiment 
runs of a test substance) was determined for five AMCPs as the mean %CV for IVIS. In two to six 
experiments, the mean %CV for IVIS was 20%. The agreement in the EPA (EPA 2003a) and GHS 
(UN 2007) ocular hazard classification systems for these five test substances was 100%. 

Intralaboratory reproducibility for the BCOP test method was also determined for non-AMCPs 
classified as severe ocular irritants or ocular corrosives by the BCOP test method (ICCVAM 2006a). 
One of the two studies consisted of 25 surfactant-based personal-care cleaning formulations. The 
mean %CV for permeability values in that study was 33%. In the second study of 16 substances, the 
mean %CV for IVIS ranged from 13% to 15%. 

Interlaboratory reproducibility for the BCOP test method (i.e., comparison of runs of a test substance 
between different laboratories) cannot be specifically determined for AMCPs in the BRD because 
only one laboratory conducted the testing. 
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Table 2 AMCPs Tested in Both the BCOP and EO Test Methods: Performance Using 
the Alternate AMCP Testing Strategy 

Draize  

I II III IV EPA 
Overall 
Classifi-
cation 

Actual Under Over Actual Under Over Actual Under Over Actual 

Approach 
1 

79% 
(22/28) 

100% 
(14/14) 

0% 
(0/14) 

0% 
(0/1) 

0% 
(0/1) 

100% 
(1/1) 

0% 
(0/4) 

100% 
(4/4) 

0% 
(0/4) 

56% 
(5/9) 

44% 
(4/9) 

Draize  

I II III IV EPA 
Overall 
Classifi-
cation 

Actual Under Over Actual Under Over Actual Under Over Actual 

Approach 
2 

79% 
(22/28) 

100% 
(14/14) 

0% 
(0/14) 

0% 
(0/1) 

0% 
(0/1) 

100% 
(1/1) 

0% 
(0/4) 

100% 
(4/4) 

0% 
(0/4) 

56% 
(5/9) 

44% 
(4/9) 

Abbreviations: AMCP = antimicrobial cleaning product; BCOP = bovine corneal opacity and permeability; 
EO = EpiOcular; EPA = U.S. Environmental Protection Agency. 

Approach 1 = test in the BCOP test method first to identify EPA Category I or II, and then in the EO test 
method to identify EPA Category III or IV.  

Approach 2 = test in the EO test method first to identify EPA Category III or IV, and then in the BCOP test 
method to identify EPA Category I or II. 

 
Three studies (3–12 laboratories each) were used to determine interlaboratory reproducibility in non-
AMCPs classified as severe or ocular corrosives by the BCOP test method (ICCVAM 2006a). The 
mean %CV for IVIS ranged from 25% to 36%. These test substances were also evaluated (ICCVAM 
2006a) for their agreement with the EPA (EPA 2003a), GHS (UN 2007), and European Union (EU 
2001) ocular hazard classification systems. 

The Cytosensor Microphysiometer Test Method 
Reliability for the CM test method could not be evaluated specifically for AMCPs due to insufficient 
data. However, the reliability of the CM test method was evaluated in non-AMCPs. 

Intralaboratory repeatability for the CM test method was evaluated for non-AMCPs in seven studies 
of 1 to 35 test substances each. The mean %CV for MRD50 values for all materials tested, including 
surfactant and nonsurfactant materials, ranged from 6% to 25%. 

The intralaboratory reproducibility of the CM test method for non-AMCPs in one laboratory 
(16 substances). The mean %CV for MRD50 values for all materials tested, including surfactant and 
nonsurfactant materials, was 25%. 

Interlaboratory reproducibility for this test method was determined for non-AMCPs in two studies at 
two to four laboratories each. The mean %CV for MRD50 values for all materials tested, including 
surfactant and nonsurfactant materials, ranged from 17% to 51%, with nonsurfactant materials having 
a higher mean %CV in each study. 

The EpiOcular Test Method 
Intralaboratory repeatability for the EO test method was determined specifically for a subset of 
15 AMCPs presented in the AMCP BRD. The mean %CV for ET50 values ranged from 0% to 62%. 
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The extent of agreement between the EPA and GHS ocular hazard classification systems (EPA 
2003a; UN 2007) was evaluated for three AMCPs that were tested more than once by IIVS. All three 
AMCPs had 100% agreement for both hazard classification systems. 

Intralaboratory reproducibility for the EO test method was also determined from repeat testing of a 
single substance, 0.3% Triton X-100. Data were presented as combined data from MatTek 
Corporation and IIVS (9-year period) and from IIVS only (8-year period). The mean %CVs for ET50 
values were 21% and 22%, respectively. 

Interlaboratory reproducibility for the EO test method cannot be determined specifically for the 
AMCPs presented in the AMCP BRD because only one laboratory conducted the testing. However, 
interlaboratory reproducibility for this test method has been determined for non-AMCPs in a 
multiphase validation study of surfactants and surfactant-containing products (73 substances). The 
study is summarized in the AMCP BRD. Mean %CVs ranged from 12% to 18%. It should be noted, 
however, that this reproducibility evaluation did not use a calculated ET50 value to predict the ocular 
hazard classification (i.e., EPA Category I, II, III, and IV), as specified in the protocol included in the 
AMCP BRD. Instead, it is based on an EO protocol that uses relative percent viability to classify 
irritancy (i.e., irritant vs. nonirritant). 

These same non-AMCP test substances were also evaluated for agreement with the EPA and GHS 
ocular hazard classification systems (EPA 2003a; UN 2007). This analysis is summarized in a 
supplement to the AMCP BRD. Using the EPA and GHS classification systems in Phase II of the 
validation study, four laboratories produced 100% agreement for 74% of the 19 substances, 75% 
agreement for 11% of the substances, and 50% agreement for 16% of the substances. In Phase III at 
two laboratories, 94% of the 54 substances had 100% agreement, and the remaining 6% 
(3 substances) had 0% agreement. 

Animal Welfare Considerations 

Both of the AMCP testing strategies are non-animal approaches for the classification and labeling of 
AMCPs. Bovine eyes used in the BCOP test method are obtained post mortem from animals being 
used for food. The CM test method uses a mouse cell line that can be purchased. The EO test method 
uses primary human keratinocytes obtained from human donors during routine surgical procedures. 

Practical Considerations 

The BCOP test method can be completed in one day, but histopathology evaluation may require an 
additional four weeks. 

The CM test method, including multiple runs of the test material, can be completed in a single 
workday. However, the instrument for the CM test method has been discontinued. 

The EO test method uses tissue that is commercially available from MatTek Corporation (Ashland, 
MA). The cost of the EO test method is similar to or less than that of a Draize rabbit eye test. 
Although it may take several weeks to procure tissue from the MatTek Corporation, the EO test 
method may be run in less time than the Draize rabbit eye test or the LVET. 
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1.0 Introduction and Rationale for the Use of a Testing Strategy for U.S. 
Environmental Protection Agency Classification and Labeling of 
Antimicrobial Cleaning Products  

1.1 Historical Background of In Vitro Ocular Corrosion and Irritation Test Methods 
and the Rationale for Their Development 

Over the years, legislative statutes have been enacted that enable government agencies to regulate a 
variety of substances that pose a potential risk to ocular health. Table 1-1 provides a synopsis of 
current U.S. regulatory laws that pertain to ocular corrosion and irritation. 

Table 1-1 Summary of Current U.S. Legislation Related to Ocular Health1 

Legislation 
(Year of Initial Enactment) Agency Substance 

Food, Drug and Cosmetic Act (1938) FDA Pharmaceuticals and 
cosmetics 

FIFRA (1947) and Federal Environmental 
Pesticide Control Act (1972) EPA Pesticides 

FHSA (1964) CPSC Household products 

FHSA (1964) and TSCA (1976) Department of Agriculture and 
EPA  

Agricultural and 
industrial chemicals 

Occupational Safety and Health Act (1970) OSHA Occupational materials 

Clean Air Act Amendments (1990) Chemical Safety and Hazard 
Investigation Board and EPA 

Accidentally released 
chemicals and air 

pollutants 
Abbreviations: CPSC = U.S. Consumer Product Safety Commission; EPA = U.S. Environmental Protection 

Agency; FDA = U.S. Food and Drug Administration, FHSA = Federal Hazardous Substances Act; 
FIFRA = Federal Insecticide, Fungicide, and Rodenticide Act; OSHA = Occupational Safety and Health 
Administration; TSCA = Toxic Substances Control Act. 

1 Adapted from Wilhelmus (2001). 

 

Exposing rabbit eyes to a test substance is the primary method for assessing the ocular hazard 
potential of substances that may come near or in contact with the eye of a human. The test method 
currently accepted by U.S. Federal and international regulatory agencies (CPSC 1995; EPA 1998; 
OECD 2002) is the Draize rabbit eye test (Draize et. al. 1944). In the Draize rabbit eye test, a test 
substance is applied to the lower conjunctival sac of one eye of a rabbit and compared to the 
contralateral eye, which serves as a negative control. The eyes of each rabbit are examined for 
adverse corneal (i.e., opacity and area of involvement), iridal, or conjunctival (i.e., redness, chemosis, 
and discharge) effects for a period up to 21 days after exposure to the test substance.  

The Draize rabbit eye test can identify both irreversible (corrosive) and reversible ocular effects. The 
wide ranges used for scoring a majority of these lesions permit categorization of the severity of 
reversible effects as moderate, mild, or nonirritant (see U.S. Environmental Protection Agency [EPA] 
Ocular Classification System discussed below). Current EPA ocular testing guidelines and the United 
Nations (UN) Globally Harmonized System of Classification and Labelling of Chemicals (GHS; UN 
2007) indicate that if serious ocular damage is anticipated (e.g., irreversible adverse effects on day 
21), then a test on a single animal may be considered. If serious damage is observed, then no further 
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animal testing is necessary (EPA 1998; UN 2007). If no serious damage is observed, additional test 
animals (1 or 2 rabbits) may be evaluated sequentially until concordant responses are observed (UN 
2007). 

The ocular classification systems vary depending on the regulatory agency's legislative mandate and 
goals for protecting human health (Table 1-2). The EPA classification system and testing guidelines 
(EPA 1998, 2003a) are based on the most severe response in one animal in a group of three or more 
animals. This classification system considers the kinds of ocular effects produced, as well as the 
reversibility and the severity of the effects. The EPA classifies substances into four ocular irritant 
categories (i.e., EPA Category I, II, III, and IV) (Table 1-2) (EPA 2003a). The EPA defines Category 
I substances as corrosive or severe irritants, while classification in EPA Category II, III, or IV is 
based on decreasing severity of ocular lesions, as well as the time required for the ocular lesions to 
clear. Irritation that clears in 8 to 21 days is classified as EPA Category II, while irritation that clears 
within 7 days is classified as EPA Category III. For EPA Category IV substances, irritation clears 
within 24 hours.  

To harmonize the classification of ocular irritants internationally, the GHS classification system (UN 
2007) includes two categories (Table 1-2), one for irreversible effects on the eye/serious damage to 
the eye (GHS Category 1) and one for reversible effects on the eye (GHS Category 2). Classification 
is based on the severity of the lesions and/or the duration of their persistence. Reversible effects are 
further classified based on the duration as GHS Category 2A (“irritating to eyes” referring to an effect 
that reverses within 21 days) and GHS Category 2B (“mildly irritating to eyes” referring to an effect 
that reverses within 7 days). 

The U.S. Federal Hazardous Substances Act (FHSA; FHSA 1964) (CPSC 1995) and the European 
Union (EU; EU 2001) also have classification criteria for ocular irritation. However, because this 
evaluation focuses on ocular hazard classification according to the EPA and GHS systems, the criteria 
for the FHSA and EU systems will not be discussed. Additional details on these systems can be found 
in the BCOP BRD (ICCVAM 2006a). 

Recently, the EPA requested that the National Toxicology Program Interagency Center for the 
Evaluation of Alternative Toxicological Methods (NICEATM) and the Interagency Coordinating 
Committee on the Validation of Alternative Methods (ICCVAM) evaluate a non-animal strategy to 
classify and label antimicrobial cleaning products (AMCPs). This testing strategy was developed by 
the Alternative Testing Working Group (ATWG), composed of seven consumer product companies 
(Clorox, Colgate-Palmolive, Dial, EcoLabs, JohnsonDiversey, Procter & Gamble, and SC Johnson). 
The AMCP testing strategy includes three in vitro test methods (bovine corneal opacity and 
permeability [BCOP], Cytosensor Microphysiometer [CM)], and EpiOcular [EO]). In vitro data were 
paired with in vivo data obtained in either the Draize rabbit eye test or the low volume eye test 
(LVET). 

On behalf of the ATWG, the Institute for In Vitro Sciences, Inc. submitted an AMCP background 
review document (BRD) (Annex I) and AMCP BRD Supplement (Annex II), which provided 
additional information on the reliability for each in vitro test method, to ICCVAM for review of the 
validation status of the AMCP testing strategy. The EPA and the ATWG requested that NICEATM 
and ICCVAM use information within the AMCP BRD to conduct a technical review of the AMCP 
testing strategy to determine whether ICCVAM could assure the EPA with a reasonable degree of 
certainty that the AMCP testing strategy would help the EPA determine AMCP labeling that would 
appropriately inform users. 

This AMCP summary review document (SRD) summarizes the available data and information 
regarding the usefulness and limitations of the AMCP testing strategy as described in the AMCP 
BRD and an alternate AMCP testing strategy that uses only the BCOP and EO test methods. 
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Table 1-2 Ocular Toxicity Classification Systems 

Regulatory 
Agency 

(Authorizing 
Act) 

Number  
of 

Animals 

Observation 
Days 

 (after 
treatment) 

Mean 
Score 

Taken? 

Positive 
Response Classification Criteria 

EPA 
(FIFRA, 
Federal 
Environmental 
Pesticide 
Control Act, 
and TSCA) 

At least 
3 

1 hr, 1, 2, 3, 
7, and 21  No 

Maximum 
score in an 
animal used 
for 
classification 
 
Opacity or 
Iritis ≥1 or 
Redness or 
Chemosis ≥2 

One or more positive animals 
needed for classification in 
categories below. 
Category: 
I =  Corrosive, corneal 

involvement, or irritation 
persisting more than 21 days 

II =  Corneal involvement or 
irritation clearing in 8–21 
days 

III = Corneal involvement or 
irritation clearing in 7 days 
or less 

IV = Minimal effects clearing in 
less than 24 hours 

Definition of Full Reversal: 
Opacity and Iritis scores = 0 and 
Redness and Chemosis scores ≤1 

GHS: 
Irreversible 
Eye Effects 

3 

1, 2, 3 
(observation 

until 
day 21) 

Yes 

Mean animal 
values (over 
days 1, 2, and 
3) of: 
Opacity ≥3 
and/or Iritis 
≥1.5 

At least 2 positive response 
animals = Eye Irritant  
Category 1 
At least 1 animal with Opacity, 
Chemosis, Redness, or Iritis 
scores >0 on day 21 = Eye 
Irritant Category 1 
Definition of Full Reversal: 
Opacity, Iritis, Redness, and 
Chemosis scores = 0 

GHS: 
Reversible Eye 
Effects 

3 

1, 2, 3 
(observation 

until 
day 21) 

Yes 

Mean animal 
values (over 
days 1, 2, and 
3) of: 
Opacity or 
Iritis ≥1 or 
Redness or 
Chemosis ≥2  
and the effect 
fully reverses 
in 7 or 21 
days 

At least 2 positive response 
animals and the effect fully 
reverses in 21 days = Eye Irritant 
Category 2A 
At least 2 positive response 
animals and effect fully reverses 
in 7 days = Eye Irritant Category 
2B 
Definition of Full Reversal: 
Opacity, Iritis, Redness, and 
Chemosis scores = 0 

Abbreviations: EPA = U.S. Environmental Protection Agency; FIFRA = Federal Insecticide, Fungicide, and 
Rodenticide Act; GHS = Globally Harmonised System of Classification and Labelling of Chemicals; 
TSCA = Toxic Substances Control Act. 
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1.2 Regulatory Rationale and Applicability 
The U.S. Consumer Product Safety Commission (CPSC) typically regulates commercial and 
household cleaning products. However, inclusion of an antimicrobial claim in such cleaning products 
necessitates their registration as antimicrobial pesticides with the EPA. Currently, the EPA requires 
AMCPs to be tested in the Draize rabbit eye test in order to adequately characterize their ocular 
hazard potential. 
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2.0 Testing Strategies for Ocular Hazard Classification and Labeling of 
Antimicrobial Cleaning Products 

2.1 AMCP Testing Strategy 
The testing strategy (Figure 2-1) described in the AMCP BRD (Annex I) is based on the use of three 
in vitro test methods: BCOP, CM, and EO. Each test method includes decision criteria developed to 
correspond to the four categories of ocular irritation defined by the EPA classification system (i.e., 
EPA Category I, II, III, and IV [EPA 2003a]). These test methods use a variety of endpoints to predict 
ocular irritation potential. 

The BCOP includes two primary endpoints (i.e., corneal opacity and permeability) that are measured 
quantitatively and used to calculate an in vitro irritancy score (IVIS).3 An IVIS >75 = EPA 
Category I; IVIS >25 and <75 = EPA Category II; IVIS <25 = EPA Category III. The AMCP BRD 
does not propose decision criteria for EPA Category IV for the BCOP test method because the data 
points from EPA Category III and IV overlap and it is not possible to assign a cut-off value. 
Histopathology evaluation of the affected tissue is an optional endpoint for the BCOP test method. If 
a test substance produces an IVIS <75, further assessment using histopathology evaluation can 
determine whether it meets the criteria for classification as EPA Category I, II, or III. 

The endpoint for the CM test method is the estimated concentration of a test substance needed to 
reduce the basal metabolic rate of L929 cells by 50% (the MRD50). An MRD50 <2 mg/mL = EPA 
Category I; MRD50 ≥2 mg/mL and <80 mg/mL = EPA Category III; MRD50 ≥80 mg/mL = EPA 
Category IV. The rationale for the use of L929 cells, a mouse fibroblast cell line, in the CM test 
method is provided in Section 2.2.1 of the AMCP BRD (Annex I). The AMCP BRD does not 
propose decision criteria for EPA Category II for the CM test method because the data points from 
EPA Category I and II overlap and it is not possible to assign a cut-off value. 

The endpoint for the EO test method is the time needed to reduce cell viability by 50% (ET50). An 
ET50 <4 minutes = EPA Category I; ET50 ≥4 minutes and <70 minutes = EPA Category III; ET50 
≥70 minutes = EPA Category IV. The EO test method uses a proprietary tissue (i.e., EO tissue, 
MatTek Corporation, Ashland, MA) derived from normal human neonatal foreskin keratinocytes (see 
Section 2.2.2 of the AMCP BRD, Annex I). The keratinocytes are grown under standardized 
conditions to produce a highly uniform and reproducible cornea-like tissue. The AMCP BRD does 
not propose decision criteria for EPA Category II for the EO test method because only one EPA 
Category II substance is present in the database. 

In the AMCP testing strategy as described in the AMCP BRD (Figure 2-1), the first test method used 
depends on knowledge of the chemical properties of the test substance. If the test substance is an 
oxidizer, which suggests that it will be an ocular corrosive or severe irritant, it is first tested in the 
BCOP test method. As noted above, test substances that produce an IVIS ≥75 would be classified as 
EPA Category I. If a test substance produces an IVIS <75, further assessment using histopathology 
evaluation can determine whether it meets the criteria for classification as EPA Category I, II, or III. 

To determine whether the test substance is EPA Category III or IV, the test substance is subsequently 
tested in either the CM or EO test method to determine the final hazard category.  Selection of the 
CM or EO test method depends on the water solubility of the test substance; water-soluble substances 
could be tested in either the CM test method or EO test method, but water-insoluble substances must 
be tested in the EO test method to determine their final hazard classification. 

                                                  
3 The in vitro irritancy score (IVIS) is calculated as the sum of the mean corrected opacity value (± standard 

deviation [SD]) and 15 times the mean corrected permeability value (OD490 units ± SD). 

C-30

ICCVAM AMCP Evaluation Report



2.2 Alternate AMCP Testing Strategy 
Because none of the 228 substances has been tested in all three of the in vitro test methods included in 
the AMCP testing strategy, as well as concerns regarding the validation status of the LVET 
(ICCVAM 2009), which was used as the in vivo reference test method for all of the CM data, an 
alternate AMCP testing strategy (Figure 2-2) that includes only the BCOP and EO test methods was 
evaluated. In the alternate AMCP testing strategy, the BCOP test method would be used to identify 
EPA Category I or II substances and the EO test method would be used to identify EPA Category III 
or IV substances. 

Testing in the alternate AMCP testing strategy (Figure 2-2) could proceed in one of two approaches: 
(1) test in the BCOP test method first and then in the EO test method or (2) test in the EO test method 
first and then in the BCOP test method. Using the first approach, the BCOP test method would 
classify all EPA Category I and II substances. All other substances would then be tested in the EO test 
method and classified as either EPA Category III or IV. Using the second approach, substances would 
first be tested in the EO test method, which would classify all EPA Category III and IV substances. 
All other substances would then be tested in the BCOP test method and classified as either EPA 
Category I or II. 
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Figure 2-1 Combining the BCOP, CM, and EO Test Methods into a Testing Strategy: 
AMCP Testing Strategy 
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Figure 2-2 Combining the BCOP and EO Test Methods into a Testing Strategy: Alternate 
AMCP Testing Strategy 
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3.0 Substances Used for Validation of the Testing Strategies for EPA 
Classification of Antimicrobial Cleaning Products 

3.1 Rationale for the Substances or Products Included in the AMCP Testing 
Strategy 

A total of 228 substances were included in the validation database of the AMCP BRD (Annex I). It 
should be noted that, according to the submitter, “a minimum 28 of the materials are EPA registered 
anti-microbial cleaning products, with eight additional materials being in-use dilutions of 
concentrates which are EPA registered” (Rodger Curren, personal communication). Of these 228 
substances, 68 substances were tested in the BCOP test method, 105 substances were tested in the 
CM test method, and 55 substances were tested in the EO test method. None of the 228 substances 
has been tested in all three of the in vitro test methods. 

In the AMCP BRD, test substances were divided into “buckets” (i.e., chemical classes). The 
distribution of these chemical classes (solvents, oxidizers, surfactants, acids, bases, and others) by test 
method is presented in Table 3-1. Among the 68 substances tested in the BCOP test method, 18% 
(12/68) were solvents, 24% (16/68) were oxidizers, 33% (18/55) were surfactants, and 21% (14/68) 
were bases. Among the 105 substances tested in the CM test method, 17% (18/105) were solvents and 
78% (82/105) were surfactants. Of 55 substances tested in the EO test method, 18% (10/55) were 
solvents, 24% (13/55) were oxidizers, 31% (17/55) were surfactants, and 20% (11/55) were bases. 

Table 3-1 Distribution of Product Categories Evaluated in the AMCP Testing Strategy 

Number of Substances Tested Per Test Method 
Product 

Categories BCOP Cytosensor 
Microphysiometer EpiOcular Total 

Solvents 12 18 10 39 
Oxidizers 16 0 13 33 

Surfactants 18 82 17 114 
Acids 7 1 2 10 
Bases 14 4 11 29 
Others 1 0 2 3 
Total 68 105 55 228 

Abbreviations: AMCP = antimicrobial cleaning product; BCOP = bovine corneal opacity and permeability. 

 

As reported in the AMCP BRD (Annex I), all 105 substances tested in the CM test method were 
tested in the LVET. No Draize rabbit eye test data were available for any of the substances tested in 
the CM test method. Of the 55 substances tested in the EO test method, 30 were tested in the Draize 
rabbit eye test and 25 were tested in the LVET. For the 68 substances tested in the BCOP test method, 
58 were tested in the Draize rabbit eye test, 8 were tested in a nontraditional Draize rabbit eye test,4 
and 2 were tested in the LVET. 

                                                  
4 The nontraditional Draize test data included seven substances tested with 30 µL rather than the traditional 

100 µL instilled in the conjunctival sac of the rabbit and one substance that was tested as an aerosol sprayed 
directly on the cornea. 
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3.2 Rationale for the Substances or Products Included in the Alternate AMCP 
Testing Strategy 

NICEATM requested additional ocular data on substances tested in either the BCOP or EO test 
methods. MatTek Corporation (Ashland, MA) provided additional EO data (for which BCOP and 
Draize rabbit eye test data were available). However, NICEATM determined that these data were 
generated using a different protocol or prediction model than described in the AMCP BRD 
(Annex I). No other data were found. 

Of 29 substances tested in both the BCOP and EO test methods that were also tested in the Draize 
rabbit eye test, 28 substances met the criteria to assign an EPA hazard classification. The chemical 
categories for these 28 substances included five surfactants, two acids, ten alkalis, four oxidizers, six 
solvents, and one “other” (or nonspecified) as shown in Table 3-2. The composition of the 
28 substances evaluated in the alternate AMCP testing strategy is provided in Annex III. 

Table 3-2 Distribution of Product Categories Evaluated in the Alternate AMCP Testing 
Strategy 

In Vivo Draize Classification - EPA Product 
Category 

Number of 
Products 

Tested I II III IV 

Surfactant 5 0 0 2 3 
Acid 2 0 0 1 1 

Alkali 10 9 1 0 0 
Oxidizer 4 3 0 0 1 
Solvent 6 2 0 1 3 
Other 1 0 0 0 1 
Total 28 14 1 4 9 

Abbreviations: AMCP = antimicrobial cleaning product; EPA = U.S. Environmental Protection Agency. 
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4.0 In Vivo Reference Data 
As reported in the AMCP BRD (Annex I), all 105 substances tested in the CM test method were 
tested in the LVET. No Draize rabbit eye test data were available for these substances. For the 55 
substances tested in the EO test method, 25 were tested in the LVET and 30 were tested in the Draize 
rabbit eye test. Of those tested in the BCOP, 85% (58/68) were tested in the Draize rabbit eye test, 
12% (8/68) were tested in a nontraditional Draize rabbit eye test,5 and the remaining 3% (2/68) were 
tested in the LVET. The alternate AMCP testing strategy is based on the results for the 28 substances 
that were tested in both the BCOP and EO test methods, were also tested in the Draize rabbit eye test, 
and qualified for EPA hazard classification. 

The Draize rabbit eye test (Draize et al. 1944) is the standard test method accepted by U.S. regulatory 
agencies such as the EPA for ocular irritation testing and for the classification and labeling of 
chemicals and products. The EPA (OPPTS 870.2400, EPA 1998) and the Organisation for Economic 
Co-operation and Development (OECD Test Guideline 405, OECD 2002) have published protocols 
describing the Draize rabbit eye test. The in vivo reference data are summarized in Section 4.2 of the 
AMCP BRD (Annex I), and the individual animal data are appended to that document. 

The LVET is an in vivo rabbit eye test developed by Griffith et al. (1980) that differs from the Draize 
rabbit eye test by applying 10 µL (instead of 100 µL) of a test substance directly on the cornea 
(instead of the conjunctival sac). Scoring of corneal, iridal, and conjunctival lesions in the LVET is 
identical to that of the Draize rabbit eye test. Background information on the LVET and comparison 
of the LVET to the Draize rabbit eye test is available in the ICCVAM test method evaluation report 
(ICCVAM 2010). 

  

                                                  
5 The nontraditional Draize test data included seven substances tested with 30 µL rather than the traditional 

100 µL instilled in the conjunctival sac of the rabbit and one aerosol test substance that was sprayed directly 
on the cornea. 
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5.0 Test Method Data and Results 

5.1 AMCP Testing Strategy 
The AMCP BRD (Annex I) includes, where available, the following specific information for each 
test substance: name, Chemical Abstracts Service Registry Number, physicochemical properties (e.g., 
purity, form tested), study reference, formulation ingredients, and chemical class. Test concentrations, 
individual and mean opacity scores, individual and mean permeability scores, ET50 or MRD50 values, 
and hazard classification information are also provided. If the source or purity of the test substance 
was missing, no attempt was made to identify it. 

5.1.1 The Bovine Corneal Opacity and Permeability Test Method 
Participating companies submitted BCOP data on 68 AMCPs generated using the ICCVAM-
recommended BCOP protocol (ICCVAM 2006b). Of these substances, 66 had paired Draize rabbit 
eye test data (58 generated from the traditional Draize rabbit eye test protocol and 8 generated from a 
nontraditional Draize protocol, see Section 3.1). Two substances were tested in the LVET. 

Supplemental BCOP data were included in the AMCP BRD (Annex I). These data were extracted 
from the BCOP BRD (ICCVAM 2006a). 

5.1.2 The Cytosensor Microphysiometer Test Method 
Participating companies submitted CM data on 105 unique AMCPs (with paired LVET data) 
generated using at least two different protocols. One protocol was based on the silicon 
microphysiometer (SM) test method, the predecessor of the CM test method, that used a 500-second 
exposure to L929 cells grown on a coverslip, compared to the CM protocol that used a 810-second 
exposure to cells grown on a Transwell™ membrane. An algorithm was derived and used to convert 
SM data to CM data. It should be noted that data analyses in the CM test method were based on 
108 substances because three substances were tested twice, each with a different result. 

Supplemental CM data were included in the AMCP BRD. The CTFA Phase III validation study 
provided data on surfactants and surfactant-based substances (n=25) with paired data from both the 
Draize rabbit eye test and the LVET (Gettings et al. 1996). CM data were also included from the 
EC/HO and COLIPA validation studies (Balls et al. 1995; Brantom et al. 1997). 

5.1.3 The EpiOcular Test Method 
Participating companies submitted EO data on 61 substances with formulations similar to those found 
in typical cleaning product formulations (Annex I). However, sufficient in vivo data to determine the 
EPA hazard classification were available for only 55 of these substances. Of these substances, 
30 were tested in the Draize rabbit eye test data and 25 were tested in the LVET. Of the 30 substances 
tested in the Draize rabbit eye test, 29 qualified for EPA hazard classification (i.e., one substance 
producing a Draize score greater than 1 was not evaluated through day 21 as required by EPA). 

Supplemental EO data were included in the AMCP BRD (Annex I). However, the EO protocol used 
in these studies differs significantly from the protocol being proposed in the AMCP BRD in that the 
test substance was diluted before testing; therefore, these studies were presented only as supporting 
information. 
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5.1.4 Combining the BCOP, CM, and EO Test Methods into a Testing Strategy: 
AMCP Testing Strategy 

None of the 228 substances included in the AMCP BRD (Annex I) was tested in all three of the in 
vitro test methods in the AMCP testing strategy. Therefore, there are no data with which to 
characterize the actual performance of the AMCP testing strategy that includes the BCOP, CM, and 
EO test methods. 

5.1.5 Combining the BCOP and EO Test Methods into a Testing Strategy: Alternate 
AMCP Testing Strategy 

The evaluation of the alternate AMCP testing strategy was limited to the 28 substances that were 
tested in both the BCOP and EO test methods and also tested in the Draize rabbit eye test. 
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6.0 Test Method Accuracy 

6.1 AMCP Testing Strategy 
The AMCP BRD (Annex I) details the performance of each test method (i.e., BCOP, CM, and EO) 
included in the AMCP testing strategy. Performance is discussed according to the EPA (EPA 2003a) 
and GHS (UN 2007) classifications systems. Therefore, we only briefly summarize the performance 
of each test method. Additionally, because the results for the EPA and GHS classification systems are 
similar, only the EPA results are discussed. The data from the AMCP BRD are summarized in 
Table 6-1. 

6.1.1 The Bovine Corneal Opacity and Permeability Test Method 
Based on the validation database of 66 substances tested in both the BCOP test method and the Draize 
rabbit eye test, accuracy of the overall EPA classification (i.e., EPA Category I, II, III, and IV) was 
55% (36/66) (Table 6-1). The BCOP test method correctly identified only 60% (3/5) of the EPA 
Category II and 50% (6/12) of the EPA Category III substances. However, the BCOP test method 
correctly identified 90% (27/30) of the EPA Category I substances. Among the three EPA Category I 
substances that the BCOP test method underpredicted as EPA Category II, two were oxidizers and 
one was a base. It should be noted that the base would have been correctly identified if the decision 
criteria were IVIS ≥55.1, as recommended in the BCOP BRD (ICCVAM 2006a), instead of IVIS ≥75 
as proposed in the AMCP BRD (Annex I). However, such a change in decision criteria would also 
result in two EPA Category II substances (one oxidizer and one acid) and one EPA Category III 
substance (a base) being overpredicted as EPA Category I. 

Among the EPA Category II substances that were incorrectly identified by the BCOP test method, 
one (a base) was underclassified as EPA Category III, and one (an oxidizer) was overclassified as 
EPA Category I. All six EPA Category III substances that were incorrectly identified by the BCOP 
test method were overclassified as either EPA Category I (two oxidizers and one base) or EPA 
Category II (one solvent, one base, and one surfactant). Because decision criteria for the BCOP test 
method are not proposed in the AMCP BRD for EPA Category IV, all 19 substances were 
overpredicted: two as EPA Category II (both solvents) and 17 as EPA Category III (8 surfactants, 3 
solvents, 3 acids, one base, one oxidizer, and one “other”). 

To assess the use of histopathology evaluation, BCOP test method data with histopathology 
evaluation were compared to BCOP test method data only. Data were available for 17 substances that 
had BCOP data with histopathology evaluation. As noted in Table 6-2, the overall accuracy for EPA 
hazard classifications (i.e., EPA Category I, II, III, and IV) was reduced from 41% (7/17) to 35% 
(6/17) with histopathology evaluation. Using histopathology evaluation with the BCOP test method 
removed one of the EPA Category I false negatives, but added three EPA Category II false positives. 

6.1.2 The Cytosensor Microphysiometer Test Method 
Based on the database of 108 substances tested in both the CM test method and the LVET 
(Table 6-1), accuracy of the overall EPA classification was 30% (32/108). It should be noted that the 
database consisted of 105 unique substances because three substances were tested twice. The CM test 
method overclassified the majority of EPA Category II, III, and IV substances included in the 
database (100% [11/11] of the EPA Category II substances, 67% [40/60] of the EPA Category III 
substances, and 89% [25/28] of the EPA Category IV substances). Among the 25 EPA Category IV 
substances that were overclassified, the CM test method classified 16% (4/25, all surfactants) as EPA 
Category I and 84% (21/25, 6 solvents, 2 bases, and 13 surfactants) as EPA Category III. Because 
decision criteria for the CM test method are not proposed in the AMCP BRD for EPA Category II, all 
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EPA Category II or III substances that were overclassified by the CM test method were classified as 
EPA Category I. All but one of the 40 EPA Category III substances that were overclassified by the 
CM test method were surfactants. The remaining one was a solvent. All 11 EPA Category II 
substances that were overclassified by the CM test method were surfactants. All nine of the EPA 
Category I substances (all surfactants) were correctly identified. None of the irritant categories (i.e., 
EPA Category I, II, or III) were underpredicted by the CM test method. 

Table 6-1 Performance of AMCPs in the Bovine Corneal Opacity and Permeability, 
Cytosensor Microphysiometer, and EpiOcular Test Methods Compared to the 
Draize Rabbit Eye Test or the Low Volume Eye Test as Reported in the AMCP 
BRD Using the EPA Classification System 

Abbreviations: AMCP = antimicrobial cleaning product; BCOP = bovine corneal opacity and permeability; CM 
= Cytosensor Microphysiometer; EO = EpiOcular; EPA = U.S. Environmental Protection Agency; ET50 = 
estimated time to decrease keratinocyte viability in the EO test method by 50%; IVIS = in vitro irritancy 
score; LVET = low volume eye test; MRD50 = concentration of test substance that decreases the metabolic 
rate by 50% determined by a plot of the concentration-response curve. 

1 Classification of the BCOP data was based on IVIS ≥75 = EPA Category I; IVIS ≥25 and <75 = EPA 
Category II; IVIS <25 = EPA Category III. The BCOP test method was not proposed to identify EPA 
Category IV. All BCOP classifications, including high-solvent substances, used a 10-minute exposure time. 
The database comprised 66 substances tested in both the BCOP test method and the Draize rabbit eye test. 

2 Classification of the CM data was based on MRD50 <2 mg/mL = EPA Category I; MRD50 ≥2mg/mL and 
<80 mg/mL = EPA Category III; MRD50 ≥80 mg/mL = EPA Category IV. The CM test method was not 
proposed to identify EPA Category II. The database consisted of 108 substances tested in both the CM test 
method and in the LVET (105 different substances because three substances were tested twice). 

3 Classification of the EO data was based on ET50 <4 min = EPA Category I; ET50 ≥4 min and <70 min = 
EPA Category III; ET50 ≥70 min = EPA Category IV. The EO test method was not proposed to identify EPA 
Category II. The database consisted of 29 substances tested in both the EO test method and the Draize rabbit 
eye test that qualified for EPA hazard classification (i.e., one substance producing a Draize score greater than 
1 was not evaluated through day 21 as required by EPA). 

4 Classification of the EO data was based on ET50 <4 min = EPA Category I; ET50 ≥4 min and 
<70 min = EPA Category III; ET50 ≥70 min = EPA Category IV. The EO test method was not proposed to 
identify Category II. The database consisted of 25 substances tested in both the EO test method and the 
LVET. 

Performance of the In Vitro Test Method Compared to the In Vivo Reference Test Method 
Using the EPA Classification System 

I II III IV 

In Vitro 
Test 

Method 

In Vivo 
Test 

Method 

Overall 
Classification 

Actual Under Over Actual Under Over Actual Under Over Actual 

BCOP1 Draize 55% 
(36/66) 

90% 
(27/30) 

10% 
(3/30) 

20% 
(1/5) 

60% 
(3/5) 

20% 
(1/5) 

50% 
(6/12) 

50% 
(6/12) 

0% 
(0/12) 

100% 
(19/19) 

0% 
(0/19) 

CM2 LVET 30% 
(32/108) 

100% 
(9/9) 

0% 
(0/9) 

100% 
(11/11) 

0% 
(0/11) 

0% 
(0/11) 

67% 
(40/60) 

33% 
(20/60) 

0% 
(0/60) 

89% 
(25/28) 

11% 
(3/28) 

EO3 Draize 76% 
(22/29) 

100% 
(15/15) 

0% 
(0/15) 

0% 
(0/1) 

0% 
(0/1) 

100% 
(1/1) 

25% 
(1/4) 

75% 
(3/4) 

0% 
(0/4) 

56% 
(5/9) 

44% 
(4/9) 

EO4 LVET 44% 
(11/25 

100% 
(3/3) 

0% 
(0/3) 

100% 
(1/1) 

0% 
(0/1) 

0% 
(0/1) 

33% 
(4/12) 

67% 
(8/12) 

0% 
(0/12) 

100% 
(9/9) 

0% 
(0/9) 
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Table 6-2 Comparison of the BCOP Test Method and the BCOP Test Method Using 
Histopathology Evaluation 

Draize 
I II III IV1 EPA Overall 

Classification 
Actual Under Over Actual Under Over Actual Under Over Actual 

BCOP2 
Only 

41% 
(7/17) 

50% 
(3/6) 

50% 
(3/6) 

0% 
(0/4) 

75% 
(3/4) 

25% 
(1/4) 

75% 
(3/4) 

25% 
(1/4) 

0% 
(0/4) 

100% 
(3/3) 

0% 
(0/3) 

BCOP2 with 
Histology 

35% 
(6/17) 

67% 
(4/6) 

33% 
(2/6) 

75% 
(3/4) 

25% 
(1/4) 

0% 
(0/4) 

75% 
(3/4) 

25% 
(1/4) 

0% 
(0/4) 

100% 
(3/3) 

0% 
(0/3) 

Abbreviations: BCOP = bovine corneal opacity and permeability. 
1 The BCOP test method decision criteria do not propose to identify EPA Category IV substances. 
2 The BCOP test method was based on the use of AMCP decision criteria with a cutoff for corrosives or severe 

irritants of ≥75 tested with a 10-minute exposure time. 

 

6.1.3 The EpiOcular Test Method 
Among the 55 substances tested in the EO test method (Table 6-1), 30 were also tested in the Draize 
rabbit eye test and 25 were tested in the LVET. Of the 30 substances tested in the Draize rabbit eye 
test, 29 qualified for EPA hazard classification (i.e., one substance producing a Draize score greater 
than 1 was not evaluated through day 21 as required by EPA). For these 29 substances, accuracy of 
the overall EPA classification was 76% (22/29). Among the four EPA Category III substances, the 
EO test method correctly identified 75% (3/4). The one substance incorrectly identified (a base) was 
overclassified as EPA Category I. Among the nine EPA Category IV substances, 44% (4/9) were 
correctly identified. Four of the five incorrectly identified substances were overclassified as EPA 
Category III (two solvents, one acid, and one surfactant). The remaining substance (a surfactant) was 
overclassified as EPA Category I. All of the EPA Category I substances (15/15, including nine bases, 
three oxidizers, two solvents, and one "other") were correctly identified. 

The EO test method correctly classified 44% (11/25) of the 25 substances tested in both the EO test 
method and the LVET (Table 6-1). Among the 12 EPA Category III substances, (67% (8/12) were 
correctly identified by the EO test method. The four substances incorrectly identified (two surfactants 
and two oxidizers) were overclassified as EPA Category I. None of the nine EPA Category IV 
substances were correctly identified: 44% (4/9, including three surfactants and one solvent) were 
overclassified as EPA Category III, and 56% (5/9, including three oxidizers and two solvents) were 
overclassified as EPA Category I. The EO test method correctly identified all three of the EPA 
Category I substances (two oxidizers and one surfactant). 

6.1.4 Combining the BCOP, CM, and EO Test Methods into a Testing Strategy: 
AMCP Testing Strategy 

The performance of each test method included in the AMCP testing strategy is summarized in 
Table 6-1. None of the 228 substances included in the AMCP BRD was tested in all three of the in 
vitro test methods proposed for the AMCP testing strategy. Therefore, no data are available with 
which to characterize the actual performance of the AMCP testing strategy that includes the BCOP, 
CM, and EO test methods. 
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6.2 Combining the BCOP and EO Test Methods into a Testing Strategy: Alternate 
AMCP Testing Strategy 

The performance of the alternate AMCP testing strategy was based on the 28 substances that were 
tested in both the BCOP and EO test methods with Draize rabbit eye test data (Annex IV). As noted 
in Section 2.0, these data were evaluated based on two approaches: (1) test in the BCOP test method 
first and then in the EO test method, or (2) test in the EO test method first and then in the BCOP test 
method. Using the first approach, the BCOP test method would first classify all EPA Category I or II 
results. All other substances would then be tested in the EO test method and classified as either EPA 
Category III or IV. Using the second approach, the EO test method would first classify all EPA 
Category III or IV results. All other substances would then be tested in the BCOP test method and 
classified as either EPA Category I or II. 

Regardless of which approach was used, the performance of the alternate AMCP testing strategy was 
the same (see Sections 6.2.1 and 6.2.2). The overall correct classification of the BCOP data using 
either the decision criteria in the AMCP BRD (Annex I) (IIVS ≥75 to assign EPA Category 1) or in 
the BCOP BRD (ICCVAM 2006a) (IIVS ≥55 to assign EPA Category I) yielded identical results. All 
BCOP classifications, including high-solvent substances, used a 10-minute exposure time. When 
using 3-minute data for high solvents, the overall classification is 74% (17/23). Five high-solvent 
substances did not have 3-minute data and, therefore, cannot be considered in this analysis. 

6.2.1 Approach 1: Test in the BCOP Test Method First and then in the EO Test 
Method 

Using Approach 1 and either the ≥55.1 or ≥75 cutoff value to identify EPA Category I substances, the 
overall correct classification was 79% (22/28) (Table 6-3). The boxes in Table 6-3 represent the 
correct calls for the BCOP test method (bolded numbers) and for the EO test method (numbers in 
parentheses). All of the substances classified as EPA Category I by the Draize rabbit eye test were 
correctly identified by the alternate AMCP testing strategy using Approach 1 (100% [14/14]). The EO 
test method correctly predicted all (100%; 4/4) of the EPA Category III substances and 44% (4/9) of 
the EPA Category IV substances. Thus, the EO test method overpredicted 56% (5/9) as EPA 
Category III. 

6.2.2 Approach 2: Test in the EO Test Method First and then in the BCOP Test 
Method 

Using Approach 2 and either the ≥55.1 or ≥75 cutoff value to identify EPA Category I substances, the 
overall correct classification was 79% (22/28) (Table 6-4). The boxes in Table 6-4 represent the 
correct calls for the BCOP test method (bolded numbers) and for the EO test method (numbers in 
parentheses). The EO test method correctly identified all (100%; 4/4) of the EPA Category III 
substances and 44% (4/9) of the EPA Category IV substances. Five EPA Category IV substances 
(56% [5/9]) were overclassified by the EO test method as EPA Category III. All of the substances 
classified as EPA Category I by the Draize rabbit eye test were correctly identified by the alternate 
AMCP testing strategy using Approach 2 (100% [14/14]). The BCOP test method overpredicted one 
EPA Category IV substance as EPA Category II. 
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Table 6-3 Performance of AMCPs Tested in Both the BCOP and EO Test Methods Using 
Approach 11 

Classification (BCOP→EO)2 Using Approach 1 
EPA 

I II III IV Totals 

I 14 (0) 0 (0) 0 (0) 0 (0) 14 

II 0 (0) 0 (0) 0 (1) 0 (0) 1 

III 0 (0) 0 (0) 0 (4) 0 (0) 4 

IV 0 (1) 1 (0) 0 (3) 0 (4) 9 

Draize 
Classification 

Total 14 (1) 1 (0) 0 (8) 0 (4) 28 

Draize  

I II III IV EPA Overall 
Classification 

Actual Under Over Actual Under Over Actual Under Over Actual 

Approach 
to Identify 

Ocular 
Corrosives 
and Severe 

Irritants 

79% 
(22/28) 

100% 
(14/14) 

0% 
(0/14) 

0% 
(0/1) 

0% 
(0/1) 

100% 
(1/1) 

0% 
(0/4) 

100% 
(4/4) 

0% 
(0/4) 

56% 
(5/9) 

44% 
(4/9) 

Abbreviations: BCOP = bovine corneal opacity and permeability; EO = EpiOcular; EPA = U.S. Environmental 
Protection Agency. 

1 Boldface numbers represent the classification by the BCOP test method, and numbers in parentheses 
represent the classification by the EO test method when using the alternate AMCP testing strategy.  

2 In the alternate AMCP testing strategy, the BCOP test method is only intended to identify EPA Category I or 
II substances, and the EO test method is intended to identify only EPA Category III or IV substances. 

 

C-43

Appendix C – Summary Review Document



Table 6-4 Performance of AMCPs Tested in Both the BCOP and EO Test Methods Using 
Approach 21 

Abbreviations: AMCP = antimicrobial cleaning product; BCOP = bovine corneal opacity and permeability; EO 
= EpiOcular; EPA = U.S. Environmental Protection Agency. 

1 Boldface numbers represent the classification by the BCOP test method, and numbers in parentheses 
represent the classification by the EO test method when using the alternate AMCP testing strategy.  

2 In the alternate AMCP testing strategy, the BCOP test method is only intended to identify EPA Category I or 
II substances, and the EO test method is intended to identify only EPA Category III or IV substances. 

Classification (EO→BCOP)2 Approach 2 
EPA 

I II III IV Totals 

I 14 (0) 0 (0) 0 (0) 0 (0) 14 

II 0 (0) 0 (0) 0 (1) 0 (0) 1 

III 0 (0) 0 (0) 0 (4) 0 (0) 4 

IV 0 (0) 0 (0) 1 (4) 0 (4) 9 

Draize 
Classification 

Totals 14 (1) 0 (0) 1 (9) 0 (4) 28 

Draize 

I II III IV EPA Overall 
Classification 

Actual Under Over Actual Under Over Actual Under Over Actual 
Approach 
to Identify 
 Category 

IV 

79% 
(22/28) 

100% 
(14/14) 

0% 
(0/14) 

0% 
(0/1) 

0% 
(0/1) 

100% 
(1/1) 

0% 
(0/4) 

100% 
(4/4) 

0% 
(0/4) 

56% 
(5/9) 

44% 
(4/9) 
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7.0 Reliability of the Test Methods Used in the Antimicrobial Cleaning 
Product Testing Strategy 

An assessment of test method reliability is essential to any evaluation of the performance of an 
alternative test method (ICCVAM 2003). NICEATM assessed test method reliability by analyzing the 
following: 

• Intralaboratory repeatability: multiple runs of a substance in a test method conducted by a 
single laboratory over a short period of time 

• Intralaboratory reproducibility: multiple runs of a substance in a test method conducted 
by a single laboratory over an extended period of time under similar conditions using 
identical protocols 

• Interlaboratory reproducibility: multiple runs of a substance in a test method conducted 
among several laboratories over an extended period of time under similar conditions 
using identical protocols  

While some measures of repeatability and reproducibility were conducted using data presented in the 
AMCP BRD (Annex I), insufficient data were available to accurately determine the reliability of the 
test methods. Additional data on the reliability of each test method were provided by the Institute for 
In Vitro Sciences, Inc. as an AMCP BRD Supplement (Annex II). Data from the BCOP BRD 
(ICCVAM 2006a) were also used to establish reliability of the BCOP test method. 

7.1 The Bovine Corneal Opacity and Permeability Test Method 

7.1.1 Intralaboratory Repeatability 
Intralaboratory repeatability for the BCOP test method was quantitatively determined for 67 AMCPs 
(four substances have repeat tests) as the mean %CV for opacity, permeability, and IVIS in the 
AMCP BRD (Annex I). Because %CVs are significantly affected by scores in the very low range, the 
mean %CVs from materials with an IVIS ≤ 10 (arbitrarily set in the AMCP BRD) were not 
considered in the overall mean %CV calculations. The overall mean %CV for opacity, permeability, 
and IVIS was 21%, 25%, and 18%, respectively. 

These test substances, tested in a total of 75 runs, were also qualitatively evaluated for their 
concordance using the EPA (EPA 2003a) and GHS (UN 2007) classification systems (Annex II). For 
the EPA and GHS classification systems, there was 100% agreement for 63 of the 75 runs (84%), 
67% agreement for 11 of the 75 runs (15%), and 60% agreement for 1 of the 75 runs (1%). Of the 
12 runs that did not have 100% agreement, seven had reactive chemistries, two were alkalis, two were 
surfactants, and one was an acid. 

Intralaboratory repeatability for the BCOP test method was quantitatively determined for non-AMCPs 
predicted as severe or ocular corrosives in the BCOP test method in three studies (16–52 substances) 
(ICCVAM 2006a). The mean %CV for IVIS ranged from 39% to 71%. 

7.1.2 Intralaboratory Reproducibility 
Intralaboratory reproducibility for the BCOP test method was quantitatively determined for AMCPs 
(n=5) as the mean %CV for IVIS. For these five substances (2–6 experiments), the mean %CV for 
IVIS was 20% (see Section 7.3 of the AMCP BRD, Annex I). 

These test substances were also qualitatively evaluated for their concordance using the EPA (EPA 
2003a) and GHS (UN 2007) classification systems (see Section 3.2 of the AMCP BRD Supplement, 
Annex II). Using either the EPA or GHS classification systems, there was 100% agreement for the 
five test substances. 
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Intralaboratory reproducibility for the BCOP test method has been quantitatively determined for non-
AMCPs predicted as severe or ocular corrosives in the BCOP test method in two studies (ICCVAM 
2006a). In one study composed of 25 surfactant-based personal care cleaning formulations, the mean 
%CV for permeability values was 33%. In the second study (n=16), the mean %CV for IVIS ranged 
from 13% to 15%. 

7.1.3 Interlaboratory Reproducibility 
Interlaboratory reproducibility the BCOP test method cannot be determined specifically for the 
AMCPs presented in the AMCP BRD (Annex I) because only one laboratory conducted the testing. 

Interlaboratory reproducibility for the BCOP test method has been quantitatively determined for non-
AMCPs predicted as severe or ocular corrosives in the BCOP test method in three studies 
(3-12 laboratories each) (ICCVAM 2006a). The mean %CV for IVIS ranged from 25% to 36%. 
These test substances were also qualitatively evaluated (ICCVAM 2006a) for their concordance using 
the EPA (EPA 2003a), GHS (UN 2007), and EU (EU 2001) classification systems. 

7.2 The Cytosensor Microphysiometer Test Method 

7.2.1 Intralaboratory Repeatability 
Reliability for the CM test method could not be evaluated specifically for AMCPs due to insufficient 
data. However, quantitative evaluations of reliability were conducted based on non-AMCPs tested in 
the CM test method (Annexes I and II). 

Intralaboratory repeatability for the CM test method was quantitatively evaluated for non-AMCPs in 
seven studies (n=1–35 test substances per study) (Annexes I and II). The mean %CV for MRD50 
values for all materials tested, including surfactant and nonsurfactant materials, ranged from 6% to 
25%. 

7.2.2 Intralaboratory Reproducibility 
Intralaboratory reproducibility for the CM test method was quantitatively determined for non-AMCPs 
in one laboratory (16 substances) (Annex I). The mean %CV for MRD50 values for all materials 
tested, including surfactant and nonsurfactant materials, was 25%. 

7.2.3 Interlaboratory Reproducibility 
Interlaboratory reproducibility for the CM test method was quantitatively determined for non-AMCPs 
in two studies (2–4 laboratories each) (Annexes I and II). The mean %CV for MRD50 values for all 
materials tested, including surfactant and nonsurfactant materials, ranged from 17% to 51%. 
Nonsurfactant materials had a higher mean %CV in each study. 

7.3 The EpiOcular Test Method 

7.3.1 Intralaboratory Repeatability 
Intralaboratory repeatability for the EO test method was quantitatively determined specifically for a 
subset of AMCPs (n=15) presented in the AMCP BRD (Annex I). The mean %CV for ET50 values 
ranged from 0% to 62%. 

Qualitative analyses were conducted with three AMCPs that were tested more than once at the 
Institute for In Vitro Sciences, Inc. to evaluate the extent of agreement using the EPA (EPA 2003a) or 
GHS (UN 2007) hazard classification system (Annex II). There was 100% agreement for all three 
AMCPs for both EPA and GHS classification systems. 
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7.3.2 Intralaboratory Reproducibility 
Intralaboratory reproducibility for the EO test method was also quantitatively determined from repeat 
testing of a single substance (0.3% Triton® X-100). Data were presented as combined data from 
MatTek Corporation and the Institute for In Vitro Sciences, Inc. (9-year period) and from the Institute 
for In Vitro Sciences, Inc., only (8-year period). The mean %CV for ET50 values was 21% and 22%, 
respectively. 

7.3.3 Interlaboratory Reproducibility 
Interlaboratory reproducibility for the EO test method cannot be determined specifically for the 
AMCPs presented in the AMCP BRD (Annex I) because only one laboratory conducted the testing. 
However, interlaboratory reproducibility for the EO test method was quantitatively determined for 
non-AMCPs in a two-phase validation study for surfactants and surfactant-containing products, which 
is summarized in the AMCP BRD (Annex I). Based on the validation study, the mean %CVs ranged 
from 12% to 18%. However, it should be noted that this evaluation of reproducibility is based on an 
EO protocol that uses relative percent viability to assign an irritancy classification (i.e., irritant vs. 
nonirritant) and not on a calculated ET50 value to predict the ocular hazard classification category 
(i.e., EPA Category I, II, III, and IV). The latter is the protocol included in the AMCP BRD. 

These test substances were also qualitatively evaluated for their concordance using the EPA (EPA 
2003a) and GHS (UN 2007) classification systems (Annex II). Using either the EPA or GHS 
classification systems in Phase II of the validation study, there was 100% agreement for 74% (14/19) 
of the substances, 75% agreement for 11% (2/19) of the substances, and 50% agreement for 16% 
(3/19) of the substances among four laboratories. In Phase III of the validation study using the EPA or 
GHS classification systems, there was 100% agreement for 94% (51/54) of the substances and 0% 
agreement for 6% (3/54) of the substances in two laboratories. 
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8.0 Data Quality: Antimicrobial Cleaning Product Background Review 
Document 

8.1 Adherence to National and International Good Laboratory Practice Guidelines 
The extent to which the studies included in the AMCP BRD (Annex I) complied with national and 
international Good Laboratory Practice (GLP) guidelines (OECD 1998; EPA 2003b, 2003c; FDA 
2003) is based on the information provided in the AMCP BRD. While it could not be ascertained 
whether all of the in vitro data provided in the AMCP BRD were GLP compliant, the data determined 
to be GLP compliant were noted in the spreadsheets that contain the study data. All of the laboratories 
that contributed data for these studies have experience conducting GLP-compliant studies. All of the 
new data generated for the studies in the AMCP BRD were collected according to GLP guidelines. 

8.2 Data Quality Audits 
Formal assessments of data quality, such as quality assurance audits, generally involve a systematic 
and critical comparison of the data provided in the  study report to the laboratory records generated 
during the study. No data quality audits were specifically conducted in the preparation of the AMCP 
BRD (Annex I). However, the studies conducted according to GLP guidelines would have included 
such an audit. 

8.3 Impact of Deviations from GLP Guidelines 
The impact of deviations from GLP guidelines cannot be evaluated because no information on data 
quality audits was obtained. 

8.4 Availability of Laboratory Notebooks or Other Records 
The original study notebooks, final reports, and other background information were available for the 
majority of the studies reported in the AMCP BRD (Annex I). The individual companies that 
contributed data to the AMCP BRD consider these materials confidential and requested that they not 
be associated with any particular product. Thus, the study materials are available for inspection, if 
requested by NICEATM or the EPA, with company identifiers removed to ensure compliance with 
this request. 
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9.0 Other Scientific Reports and Reviews 

9.1 The Bovine Corneal Opacity and Permeability Test Method 
For the BCOP test method, NICEATM identified four studies that had been published since the 
previous evaluation of the BCOP test method for the identification of ocular corrosives and severe 
irritants (ICCVAM 2006a): Debbasch et al. 2005; Van Goethem et al. 2006; Cater and Harbell 2006; 
and Cater and Harbell 2008. However, none of these publications included Draize rabbit eye test data; 
therefore, these studies were not added to the database. 

9.1.1 Debbasch et al. (2005) 
Twelve makeup removers were tested in both the BCOP test method and in a clinical in-use test under 
ophthalmological control. The undiluted test product (750 µL) was pipetted onto the corneas and 
exposure was conducted for 4 hours. Corneal opacity was determined using an adapted 
spectrophotometer and barrier disruption by fluorescein update using OD490 mm. In vitro scores were 
classified according to Gautheron et al. (1994) and Harbell and Curren (1998). 

9.1.2 Cater and Harbell (2006) 
Surfactant-based “rinse-off” personal care formulations were tested in the BCOP test method using 
slight modifications of the BCOP test method protocol reported by Sina et al. (1995). Corneas were 
exposed to the test substances (750 µL) for 10, 30, or 60 minutes either undiluted or diluted in 
deionized water. Corneas were evaluated for opacity, fluorescein uptake, and histological alterations. 

9.1.3 Van Goethem et al. (2006) 
Van Goethem et al. tested 20 substances in the BCOP test method (7 compounds classified as GHS 
Not Classified and 13 GHS Category 1). Vanparys et al. (1993) and Gautheron et al. (1994) 
previously published these results, which were included in the BCOP BRD (ICCVAM 2006a). 

9.1.4 Cater and Harbell (2008) 
The BCOP test method was used on four commercial and one unregistered body wash. The purpose 
was to determine if the BCOP test method could be used as a prediction model for relative ranking of 
human eye responses to surfactant-based formulations under conditions of a standard human eye sting 
test. Test articles were prepared as 25% solutions in deionized water; 750 µL was applied to the 
corneas for a 30-minute exposure. Following exposure, opacity and fluorescein uptake were 
determined. 

9.2 The Cytosensor Microphysiometer Test Method 
A BRD for the CM test method,6 which includes a comprehensive review of all available data, was 
submitted to the European Centre for the Validation of Alternative Methods (ECVAM) for review of 
its validation status in Europe. 

                                                  
6 A redacted version of the ECVAM CM BRD is available on the NICEATM-ICCVAM website. The main 
body of the document is available at http://iccvam.niehs.nih.gov/methods/ocutox/CM/ECVAM-CMBRD-
Aug08redact.pdf and the annexes to the document are available at 
http://iccvam.niehs.nih.gov/methods/ocutox/CM/CMBRD-AnnexesAug08redact.pdf. 
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9.3 The EpiOcular Test Method 
A BRD for the EO test method, which includes a comprehensive review of all available data, was 
submitted to ECVAM for review of its validation status in Europe. To date, this document has not 
been made available to the public. 
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10.0 Animal Welfare Considerations 

10.1 How the AMCP Testing Strategy and In Vitro Methods will Refine, Reduce, or 
Replace Animal Use 

Draize rabbit eye test data are currently used to classify and label AMCPs. The AMCP testing 
strategy described in the AMCP BRD (Annex I) or the alternate AMCP testing strategy would 
provide a non-animal approach to EPA classification and labeling of AMCPs and could thereby 
eliminate the use of rabbits for this type of testing. 

10.2 Requirements for the Use of Animals 
The EPA currently requires a Draize rabbit eye test for classification and labeling of AMCPs. The 
Draize rabbit eye test protocol is provided in the EPA Health Effects Test Guideline (OPPTS 
87.2440; EPA 1998) and in OECD Test Guideline 405 (OECD 2002). The Draize rabbit eye test 
requires only one animal if the test substance is shown to be corrosive or a severe (irreversible) eye 
irritant. It requires three animals per test substance for nonsevere irritants or nonirritants. These 
animals are in addition to similar sets of animals for both the positive and negative control groups 
within a study of multiple test substances. More animals may be required if the EPA classification 
results are equivocal. 

The BCOP test method uses ocular tissue obtained from animals that are being procured for food. 
Cattle are not subject to pain and suffering during the harvest of corneal tissue, because it is obtained 
post mortem and would otherwise be discarded by the meatpacker. 

No animals are used for the CM test method, except for the mice used to establish the original mouse 
fibroblast cell line. 

The EO test method uses a three-dimensional corneal construct generated with primary human 
keratinocytes. These cells are obtained during routine surgical procedures, and their procurement to 
initiate a cell culture does not subject the donor to any pain or suffering. 
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11.0 Practical Considerations 
Several issues in addition to performance evaluations must be considered when assessing the 
practicality of an alternative test method in comparison to the existing test method: 

• Laboratory equipment and supplies needed to conduct the alternative test method 
• Level of personnel training 
• Labor costs 
• Time required to complete the test method  

The time, personnel cost, and effort required to conduct the proposed test method must be considered 
reasonable in comparison to those of the test method it is intended to replace. 

11.1 Transferability of the Test Methods Included in the AMCP Testing Strategy 
Test method transferability addresses the ability of a test method to be performed accurately and 
reliably by multiple laboratories (ICCVAM 2003), including those experienced in the particular type 
of procedure and those with less or no experience in the particular procedure. The degree of 
transferability of a test method can be evaluated based on interlaboratory reproducibility (see 
Section 7.0). 

One important consideration regarding the transferability of the CM test method is that the instrument 
has been discontinued. Therefore, a user would have to obtain a used instrument or have one 
manufactured before testing. 

11.2 Training Considerations 
The AMCP BRD (Annex I) details the level of training and expertise needed to conduct the test 
methods used in the AMCP testing strategy and the training requirements needed to demonstrate 
proficiency based on the ICCVAM test method submission guidelines (ICCVAM 2003). 

11.3 Cost Considerations 
At the present time, the cost of running a GLP-compliant Draize rabbit eye test ranges from $1200 to 
$14,500 depending on the number of days the animals have to remain on the study (i.e., 21 days or 
less). A GLP-compliant BCOP test method will cost approximately $1500 for a single test substance. 
The cost of performing the BCOP test method is approximately doubled when histopathology 
evaluation is included. A GLP-compliant CM test method will cost approximately $2000 for each of a 
minimum of two test substances. A GLP-compliant EO test method will cost approximately $3000 
for a single test substance. For each of these in vitro test methods, the cost per sample is significantly 
reduced when multiple substances are run concurrently. 

11.4 Time Considerations 
The Draize rabbit eye test or the LVET could require up to 21 days, in addition to several pretest days 
to acclimatize the animals. The BCOP test method can be completed in one day, but histopathology 
evaluation may require an additional four weeks. The CM test method, including multiple runs of the 
test substance, can be completed in a one day. The EO test method can be performed in two days, 
although it may take several weeks to acquire the tissue. 
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13.0 Glossary7 
Accuracy:8 (a) The closeness of agreement between a test method result and an accepted reference 
value. (b) The proportion of correct outcomes of a test method. It is a measure of test method 
performance and one aspect of relevance. The term is often used interchangeably with concordance 
(see also two-by-two table). Accuracy is highly dependent on the prevalence of positives in the 
population being examined. 

Antimicrobial cleaning product (AMCP): Commercially available household cleaning products are 
regulated by the CPSC. However, when an antimicrobial claim is made, these products must be 
registered as pesticides with the EPA. 

Blepharitis: Inflammation of the eyelid. 

Chemosis: A form of eye irritation in which the membranes that line the eyelids and surface of the 
eye (conjunctivae) become swollen. 

Classification system: An arrangement of quantified results or data into groups or categories 
according to previously established criteria. 

Coded substances: Substances labeled by code rather than name so that they can be tested and 
evaluated without knowledge of their identity or anticipation of test results. Coded substances are 
used to avoid intentional or unintentional bias when evaluating laboratory or test method 
performance. 

Coefficient of variation: A statistical representation of the precision of a test. It is expressed as a 
percentage and is calculated as follows: 

    

€ 

standard deviation

mean

 

 
 

 

 
 × 100%

 

Concordance:8 The proportion of all substances tested that are correctly classified as positive or 
negative. It is a measure of test method performance and one aspect of relevance. The term is often 
used interchangeably with accuracy (see also two-by-two table). Concordance is highly dependent on 
the prevalence of positives in the population being examined. 

Conjunctiva: The mucous membrane that lines the inner surfaces of the eyelids and folds back to 
cover the front surface of the eyeball, except for the central clear portion of the outer eye (the cornea). 
The conjunctiva is composed of three sections: palpebral conjunctiva, bulbar conjunctiva, and fornix. 

Conjunctival sac: The space located between the eyelid and the conjunctiva-covered eyeball. 
Substances are instilled into the sac to conduct an in vivo eye test. 

Cornea: The transparent part of the coat of the eyeball that covers the iris and pupil and admits light 
to the interior. 

Corneal opacity: Measurement of the extent of opaqueness of the cornea following exposure to a test 
substance. Increased corneal opacity is indicative of damage to the cornea. Opacity can be evaluated 
subjectively as done in the Draize rabbit eye test, or objectively with an instrument such as an 
opacitometer. 

                                                  
7  The definitions in this glossary are restricted to their uses with respect to the AMCP test methods and testing 

strategy. 
8  Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods 

(ICCVAM 2003). 
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Corneal permeability: Quantitative measurement of damage to the corneal epithelium by a 
determination of the amount of sodium fluorescein dye that passes through all corneal cell layers. 

Corrosion: Destruction of tissue at the site of contact with a substance. 

Corrosive: A substance that causes irreversible tissue damage at the site of contact. 

Endpoint:8 The biological process, response, or effect assessed by a test method. 

Essential test method components:8 Structural, functional, and procedural elements of a test method 
that are used to develop the test method protocol. These components include unique characteristics of 
the test method, critical procedural details, and quality control measures. Adherence to essential test 
method components is necessary when the acceptability of a proposed test method is being evaluated 
based on performance standards derived from mechanistically and functionally similar validated test 
method. [Note: Previously referred to as minimum procedural standards] 

False negative:8 A substance incorrectly identified as negative by a test method. 

False negative rate:8 The proportion of all positive substances falsely identified by a test method as 
negative (see two-by-two table). It is one indicator of test method accuracy. 

False positive:8 A substance incorrectly identified as positive by a test method. 

False positive rate:8 The proportion of all negative substances that are falsely identified by a test 
method as positive (see two-by-two table). It is one indicator of test method accuracy. 

Globally Harmonized System (GHS): A classification system presented by the United Nations that 
provides (a) a harmonized criteria for classifying substances and mixtures according to their health, 
environmental and physical hazards and (b) harmonized hazard communication elements, including 
requirements for labeling and safety data sheets. 

Good Laboratory Practice (GLP):8 Regulations promulgated by the U.S. Food and Drug 
Administration and the U.S. Environmental Protection Agency, and principles and procedures 
adopted by the OECD and Japanese authorities, which describe record keeping and quality assurance 
procedures for laboratory records that will be the basis for data submissions to national regulatory 
agencies. 

Hazard:8 The potential for an adverse health or ecological effect. Hazard potential results only if an 
exposure occurs that leads to the possibility of an adverse effect being manifested. 

Interlaboratory reproducibility:8 A measure of whether different qualified laboratories using the 
same protocol and test substances can produce qualitatively and quantitatively similar results. 
Interlaboratory reproducibility is determined during the prevalidation and validation processes and 
indicates the extent to which a test method can be transferred successfully among laboratories. 

Intralaboratory repeatability:8 The closeness of agreement between test results obtained within a 
single laboratory when the procedure is performed on the same substance under identical conditions 
within a given time period. 

Intralaboratory reproducibility:8 The first stage of validation; a determination of whether qualified 
people within the same laboratory can successfully replicate results using a specific test protocol at 
different times. 

In vitro: In glass; Refers to test methods that are carried out in an artificial system (e.g., in a test tube 
or petri dish) and typically use single-cell organisms, cultured cells, cell-free extracts, or purified 
cellular components. 

In vitro irritancy score (IVIS): An empirically derived formula used in the BCOP test method 
whereby the mean opacity and mean permeability values for each treatment group are combined into 
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a single in vitro score for each treatment group. The in vitro irritancy score = mean opacity value + 
(15 x mean permeability value). 

In vivo: In the living organism. Refers to test methods performed in multicellular organisms. 

Iris: The contractile diaphragm perforated by the pupil and forming the colored portion of the eye. 

Negative predictivity:8 The proportion of correct negative responses among substances testing 
negative by a test method (see two-by-two table). It is one indicator of test method accuracy. Negative 
predictivity is a function of the sensitivity of the test method and the prevalence of negatives among 
the substances tested. 

Nonirritant: (a) A substance that produces no changes in the eye following its application to the 
anterior surface of the eye. (b) Substances that are not classified as GHS Category 1, 2A, or 2B; or 
EU R41 or R36 ocular irritants. 

Nonsevere irritant: (a) A substance that causes tissue damage in the eye following application to the 
anterior surface of the eye; the tissue damage is reversible within 21 days of application and the 
observed adverse effects in the eye are less severe than observed for a severe irritant. (b) Substances 
that are classified as GHS Category 2A or 2B; EPA Category II, III, or IV; or EU R36 ocular irritants. 

Ocular: Relating to the eye. 

Ocular corrosive: A substance that causes irreversible tissue damage in the eye following application 
to the anterior surface of the eye.   

Ocular irritant: A substance that produces a reversible change in the eye following application to the 
anterior surface of the eye. 

Opacitometer: An instrument used to measure “corneal opacity” by quantitatively evaluating light 
transmission through the cornea. The instrument has two compartments, each with its own light 
source and photocell. One compartment is used for the treated cornea, while the other is used to 
calibrate and zero the instrument. The difference between photocell signals in the two compartments 
is measured electronically as a change in voltage, and is displayed digitally, generating numerical 
opacity values with arbitrary units.   

Pannus: A specific type of corneal inflammation that begins within the conjunctiva, and with time 
spreads to the cornea. Also referred to as “chronic superficial keratitis.” 

Performance:8 The accuracy and reliability characteristics of a test method (see accuracy, 
reliability). 

pH: A measure of the acidity or alkalinity of a solution. pH 7.0 is neutral; higher pHs are alkaline, 
lower pHs are acidic. 

Positive control: A substance known to induce a positive response used to demonstrate the 
sensitivity of the test method and to allow for an assessment of variability in the conduct of the test 
method over time. For most test methods, the positive-control substance is tested concurrently with 
the test substance and the vehicle/solvent control. However, for some in vivo test methods, periodic 
studies using a positive-control substance is considered adequate by the OECD. 

Positive predictivity:8 The proportion of correct positive responses among substances testing 
positive by a test method (see two-by-two table). It is one indicator of test method accuracy. Positive 
predictivity is a function of the sensitivity of the test method and the prevalence of positives among 
the substances tested. 

Prevalence:8 The proportion of positives in the population of substances tested (see two-by-two 
table). 
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Protocol:8 The precise, step-by-step description of a test, including the listing of all necessary 
reagents, criteria, and procedures for the evaluation of the test data. 

Quality assurance:8 A management process by which adherence to laboratory testing standards, 
requirements, and record keeping procedures is assessed independently by individuals other than 
those performing the testing. 

Reduction alternative:8 A new or modified test method that reduces the number of animals required. 

Reference test method:8 The accepted in vivo test method used for regulatory purposes to evaluate 
the potential of a test substance to be hazardous to the species of interest. 

Refinement alternative:8 A new or modified test method that refines procedures to lessen or 
eliminate pain or distress in animals or enhances animal wellbeing. 

Relevance:8 The extent to which a test method correctly predicts or measures the biological effect of 
interest in humans or another species of interest. Relevance incorporates consideration of the 
accuracy or concordance of a test method. 

Reliability:8 A measure of the degree to which a test method can be performed reproducibly within 
and among laboratories over time. It is assessed by calculating intra- and interlaboratory 
reproducibility and intralaboratory repeatability. 

Replacement alternative:8 A new or modified test method that replaces animals with non-animal 
systems or one animal species with a phylogenetically lower one (e.g., a mammal with an 
invertebrate). 

Reproducibility:8 The consistency of individual test results obtained in a single laboratory 
(intralaboratory reproducibility) or in different laboratories (interlaboratory reproducibility) using 
the same protocol and test substances (see intra- and interlaboratory reproducibility). 

Sclera: The tough, fibrous tissue that extends from the cornea to the optic nerve at the back of the 
eye. 

Secondary bacterial keratitis: Inflammation of the cornea that occurs secondary to another insult 
that compromised the integrity of the eye. 

Sensitivity:8 The proportion of all positive substances that are classified correctly as positive in a test 
method. It is a measure of test method accuracy (see two-by-two table). 

Severe irritant: (a) A substance that causes tissue damage in the eye following application to the 
anterior surface of the eye that is not reversible within 21 days of application or causes serious 
physical decay of vision. (b) Substances that are classified as GHS Category 1, EPA Category I, or 
EU R41 ocular irritants. 

Solvent control: An untreated sample containing all components of a test system, including the 
solvent that is processed with the test substance-treated and other control samples to establish the 
baseline response for the samples treated with the test substance dissolved in the same solvent.  When 
tested with a concurrent negative control, this sample also demonstrates whether the solvent interacts 
with the test system. 

Specificity:8 The proportion of all negative substances that are classified correctly as negative in a 
test method. It is a measure of test method accuracy (see two-by-two table). 

Test:8 The experimental system used; used interchangeably with test method and test method. 

Test method:8 A process or procedure used to obtain information on the characteristics of a 
substance or agent. Toxicological test methods generate information regarding the ability of a 
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substance or agent to produce a specified biological effect under specified conditions. Used 
interchangeably with test and test method. See also validated test method and reference test. 

Tiered testing: A testing strategy where all existing information on a test substance is reviewed, in a 
specified order, prior to in vivo testing. If the irritancy potential of a test substance can be assigned, 
based on the existing information, no additional testing is required. If the irritancy potential of a test 
substance cannot be assigned, based on the existing information, a step-wise animal testing procedure 
is performed until an unequivocal classification can be made. 

Toxic keratoconjunctivitis: Inflammation of the cornea and conjunctiva due to contact with an 
exogenous agent. Used interchangeably with contact keratoconjunctivitis, irritative 
keratoconjunctivitis, and chemical keratoconjunctivitis. 

Transferability:8 The ability of a test method or procedure to be accurately and reliably performed in 
different, competent laboratories. 

Two-by-two table:8 The two-by-two table can be used for calculating accuracy (concordance) 
([a+d]/[a+b+c+d]), negative predictivity (d/[c+d]), positive predictivity (a/[a+b]), prevalence 
([a+c]/[a+b+c+d]), sensitivity (a/[a+c]), specificity (d/[b+d]), false positive rate (b/[b+d]), and false 
negative rate (c/[a+c]). 

  New Test Outcome 
  Positive Negative Total 

Positive a c a + c 
Negative b d b + d Reference Test 

Outcome 
Total a + b c + d a + b + c + d 

 

Validated test method:8 An accepted test method for which validation studies have been completed 
to determine the relevance and reliability of this method for a specific proposed use. 

Validation:8 The process by which the reliability and relevance of a procedure are established for a 
specific purpose. 

Vehicle control: An untreated sample containing all components of a test system, including the 
vehicle that is processed with the test substance-treated and other control samples to establish the 
baseline response for the samples treated with the test substance dissolved in the same vehicle. 

Weight of evidence (process): The strengths and weaknesses of a collection of information are used 
as the basis for a conclusion that may not be evident from the individual data. 
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Annex I 

Background Review Document of an In Vitro Approach for EPA Toxicity Labeling of 
Antimicrobial Cleaning Products 

The appendices for this Background Review Document can be found on the CD-ROM included at the 
back of this volume and on the ICCVAM–NICEATM website at: 
http://iccvam.niehs.nih.gov/methods/ocutox/AMCPsubmit.htm 
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Preface984
985

On June 4, 2004, Mr. James Jones, Director, Office of Pesticide Programs, EPA986
informed Dr. William Stokes, Director, ICCVAM that the EPA was developing, via a987
subgroup of the Pesticide Program Dialogue Committee, a non-animal assessment988
approach for evaluating the eye irritation potential of antimicrobial cleaning products for989
the purpose of determining appropriate product cautionary labeling. Mr. Jones990
requested that ICCVAM conduct a technical review of this approach when finalized.991

992
This approach has been finalized and is presented in Figure I as a flowchart993

which outlines how the EpiOcular (EO) Assay, Cytosensor Microphysiometer (CM)994
Assay and Bovine Corneal Opacity and Permeability (BCOP) Assay are to be used to995
determine the EPA toxicity Category (I – IV) with regards to ocular cautionary labeling996
for anti-microbial cleaning products.997

998
999

Figure I The proposed testing strategy for evaluating the EPA toxicity category for anti-microbial1000
cleaning products.1001

Category
I, III, IV
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1002
Based on the request of Mr. Jones, we now ask ICCVAM to conduct a technical1003

review of the attached approach and supporting materials and develop an opinion on1004
whether use of this approach will assure the EPA that, with a reasonable level of1005
certainty, no antimicrobial product will be underlabeled.1006
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Executive Summary1007
1008

This Background Review Document (BRD) presents a description of an in vitro1009
testing strategy for determining the appropriate product cautionary labeling for anti-1010
microbial cleaning products. The strategy is flexible in that several different assays can1011
be used either alone or combined with a second assay to obtain an EPA or GHS toxicity1012
category. The three assays proposed are the Cytosensor Microphysiometer (CM)1013
assay, the EpiOcularTM (EO) assay (MatTek Corporation, Ashland MA), and the Bovine1014
Corneal Opacity and Permeability (BCOP) assay. A complete description of these1015
assays and data supporting their predictive capacity and reproducibility are contained in1016
the BRD.1017

1018
This BRD is a joint project of seven companies – The Clorox Company, Colgate-1019

Palmolive, The Dial Corporation, EcoLabs, JohnsonDiversey, Inc., S.C. Johnson & Son,1020
Inc. and The Procter & Gamble Company - who manufacture anti-microbial cleaning1021
products. Normally cleaning products are regulated by the US Consumer Product1022
Safety Commission (CPSC), but when the product is labeled as “anti-microbial” – it is1023
then classified as a pesticide and falls under the jurisdiction of the EPA. Registration of1024
such products requires animal testing for several endpoints, including eye irritation, to1025
determine the appropriate product cautionary labeling. Since many products of this type1026
have been safely marketed (minus the anti-microbial claim) without animal testing, the1027
companies wished to provide data supporting the position that in vitro test methods for1028
eye irritation could provide adequate cautionary labeling.1029

1030
The companies therefore provided the animal eye irritation data (using both the1031

standard Draize test and the Low Volume Eye Test [LVET]) that were available in their1032
files for a large set of cleaning products. At the same time data from one or more of the1033
in vitro tests listed above was provided for each material, or was newly generated.1034
These paired data sets were used to determine the predictive ability of the three in vitro1035
methods. In addition, the within laboratory and between laboratory reproducibility of the1036
in vitromethods was assessed.1037

1038
As a guideline against which to asses the performance of the in vitromethods, an1039

analysis of the reproducibility of the rabbit eye test was presented which shows that this1040
in vivomethod does not always give the same EPA toxicity category when multiple tests1041
are run. Thus the in vitro methods should not be expected to provide a 100% duplication1042
of the animal results.1043

1044
In addition to data provided by the participating companies for the anti-microbial1045

cleaning products, other historical studies which were conducted with similar ingredients1046
(e.g. surfactants) or mixtures are also presented and analyzed.1047

1048
It was found that each of the three in vitro tests had different areas of strength.1049

The CM and EO assays were more sensitive and thus are useful to separate EPA1050
category III materials from EPA category IV materials. These materials are in the milder1051
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side of the toxicity range. In contrast, the BCOP assay uses a more robust tissue and1052
therefore is able to differentiate between EPA category I materials and EPA category II1053
materials. These materials are in the higher side of the toxicity range. A diagram of this1054
strategy is presented in the Preface and in Section 1. Introduction and Rationale for the1055
Proposed Test Method.1056

1057
The proposed in vitro strategy is very conservative and results in over labeling of1058

some products, especially many EPA category IV materials which are overpredicted to1059
be EPA category III. The participating companies are aware of these overpredictions1060
and have accepted it as a small consequence of adopting non-animal testing strategy.1061

1062
Test Method Predictive Capacity1063

Prediction models for the three in vitro assays (CM, EO and BCOP) were1064
constructed using the same approach (a graphical one). For each model all the paired1065
in vitro and in vivo data provided were used, and the in vitro data were plotted against1066
the in vivo-defined toxicity category (both EPA and GHS). In some cases only data from1067
an LVET assay were available, and in other cases only data from a Draize test were1068
available. Generally each type of data was analyzed separately, although it was1069
concluded that the prediction models were the same regardless of the in vivo assay1070
used.1071

1072
Once the data were graphed, cut-off lines were fitted by eye to provide the “best”1073

predictions. A description of these cut-offs then became the prediction model. The1074
strategy in setting the cut-offs was to minimize under predictions of toxicity at the1075
expense of over predictions. Of course, over and under predictions are somewhat1076
arbitrary terms since we have shown earlier in this BRD (Section 4.8.1) that repeated1077
three-rabbit eye irritation tests do not necessarily provide identical toxicity1078
classifications. In other words, a second rabbit test may over or under predict the first1079
test.1080

1081
Although data from the testing of anti-microbial cleaning products (and related1082

cleaning products) were primarily used to set the cut-offs, additional data from1083
chemically related formulations and some pure substances (e.g. surfactants) were used1084
to provide supporting information for our decisions.1085

1086
Summary contingency tables showing concordance, under prediction and over1087

prediction are presented below for each of the methods.1088
1089

a) Cytosensor1090
1091

The following table shows the performance of the Cytosensor in predicting the1092
EPA toxicity category (defined by the LVET test) of 108 cleaning products.1093
There were no underpredictions of EPA toxicity categories, but 89% of the1094
Category IV materials were overpredicted as Category III or higher. However1095
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the CM was able to clearly identify some Category IV materials. Results for1096
the prediction of GHS categories were similar.1097

1098
The CM should be useful in clearly identifying materials as EPA Category III1099
or Category IV, but cannot separate EPA toxicity category I from category II.1100
Oxidizing materials, or materials not completely aqueous soluble at the1101
highest dilution, should not be tested in the CM.1102

1103
CM Predicted EPA CategoryLVET- Determined EPA

Category
I III IV Total

Concordance
Toxicity

over
predicted

Toxicity
under

predicted
I 9 0 0 9 100% NA 0%
II 11 0 0 11 0% 100% 0%
III 40 20 0 60 33% 67% 0%
IV 4 21 3 28 11% 89% NA
Total 64 41 3 108 30%
Predictivity 14% 49% 100%
Category under predicted NA 0% 0%

Category over predicted 86% 51% NA

1104
b) EpiOcularTM1105

1106
Animal eye irritation data from both the Draize test and the LVET were1107
supplied paired with EO data. The following two tables show the performance1108
of the EpiOcularTM assay in predicting the EPA toxicity categories defined by1109
the by each of the in vivo tests. There was only one underprediction for the 411110
total materials. The EO method was able to clearly separate a few EPA1111
category IV materials, although most Category IV materials will be1112
overpredicted as Category III. Results for the prediction of GHS categories1113
were similar.1114

1115
The EO assay should be useful in clearly identifying materials as EPA1116
Category III or Category IV, but cannot separate EPA toxicity category I from1117
category II. Oxidizing materials should not be tested in the CM, but both water1118
soluble and water insoluble materials can be tested.1119

1120
EpiOcular Predicted EPA CategoryLVET- Determined EPA

Category
I III IV Total

Concordance
Toxicity

over
predicted

Toxicity
under

predicted
I 1 0 0 1 100% NA 0%
II 0 0 0 0 0% 0% 0%
III 2 7 0 9 78% 22% 0%
IV 2 4 0 6 0% 100% NA
Total 5 11 0 16 50%
Predictivity 20% 64% 0%
Category under predicted NA 0% 0%
Category over predicted 80% 36% NA
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1121
EpiOcular Predicted EPA CategoryDraize- Determined EPA

Category I III IV Total
Concordance

Toxicity
over

predicted

Toxicity
under

predicted
I 12 0 0 12 100% NA 0%
II 0 1 0 1 0% 0% 100%
III 1 3 0 4 75% 25% 0%
IV 1 4 3 8 38% 63% NA
Total 14 8 3 25 72%
Predictivity 86% 38% 100%
Category under predicted NA 12% 0%

Category over predicted 14% 50% NA

1122
c) BCOP1123

1124
The vast majority of animal data used in the analysis of the BCOP assay1125
were from the Draize test; only two tests were conducted using the LVET.1126
Histopathological examination of the treated bovine corneas was included in1127
the analysis in addition to the traditional in Vitro Score which measures the1128
opacity and permeability of the cornea.1129

1130
The following table shows the performance of the BCOP assay (including1131
histopathology) in predicting EPA toxicity categories. Only 2 of 61 materials1132
(8%) were underpredicted. All of the EPA toxicity category IV materials are1133
overpredicted as Category III since the BCOP does not seem to be able to1134
differentiate between materials at this lower end of the toxicity scale. The1135
BCOP assay does differentiate between EPA Category I and II materials, so it1136
is most useful in this higher range.1137

1138
If the anti-microbial cleaning product is a High Solvent (>5 solvent)1139
formulation, it should be tested in the BCOP assay using a 3 minute exposure1140
instead of the normal 10 minute exposure.1141

1142
BCOP Predicted (with histology)
EPA CategoryDraize- Determined

EPA Category
I II III Total

Concordance
Toxicity
over
predicted

Toxicity
under
predicted

I 23 2 0 25 92% NA 8%
II 4 1 0 5 20% 80% 0%
III 3 2 7 12 58% 42% 0%
IV 0 1 18 19 0% 100% NA
Total 30 6 25 61 51%
Predictivity 77% 17% 28%
Category under
predicted NA 33% 0%
Category over
predicted 23% 50% 72%

Test Method Reliability1143
1144
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This parameter was assessed by measuring the within and between laboratory1145
reproducibility for each of the in vitro methods. Within assay repeatability was also1146
assessed when the values were available. The coefficient of variation (CV) between1147
repeat values was used as a measure of reliability.1148

1149
Although the primary data used to calculate the CV’s was from studies with anti-1150

microbial (or similar cleaning products), the BRD also contains supporting data from1151
other studies which used individual ingredients or mixtures (e.g. of surfactants).1152

1153
a) Cytosensor1154

1155
Within laboratory reproducibility was assessed from the results of two1156
international validation studies. In the first study (EC/HO study), the mean CV1157
for 31 chemicals (three CM runs each) was 23.9%. For the second study1158
(Colipa eye irritation validation), one laboratory had a mean CV of 19.7% for1159
surfactant materials and 15.4% for non-surfactant materials. A second1160
laboratory had a mean CV of 14.3% for the surfactant materials and 10.4% for1161
the non-surfactant materials.1162

1163
Interlaboratory reproducibility was also assessed from data generated in the1164
above validation studies. In the HO/EC study, four laboratories had a mean1165
between laboratory CV of 37% for surfactant materials and 50.6% for non-1166
surfactant materials. For the Colipa study two laboratories had a mean1167
between laboratory CV of 23.3% for surfactant materials, 16.5% for surfactant-1168
based formulations and mixtures, and 32.5% for non-surfactant ingredients1169
and mixtures.1170

1171
b) EpiOcularTM1172

1173
Within laboratory reproducibility was estimated from the repeated testing of a1174
single material (0.3% Triton X-100) over a nine year period in two laboratories.1175
The CV for these repeats was 20.7%.1176

1177
Interlaboratory reproducibility was assessed from two phases of a validation1178
study conducted by Colgate-Palmolive. Nineteen pure surfactants and1179
mixtures were tested by four laboratories in Phase I with a mean between1180
laboratories CV of 18.1%. Fifty-four pure surfactants and mixtures were tested1181
by two laboratories in Phase II with a mean between laboratories CV of 11.8%.1182
c). BCOP1183

1184
Within run reproducibility was estimated for the BCOP assay from anti-1185
microbial cleaning products tested for this BRD. When the overall In Vitro1186
Score was low (�10), the within run CV could be quite high (mean CV = 266%1187
for opacity and 167% for permeability) because small changes in low numbers1188
result in high CV’s. However, such small differences in magnitude in opacity or1189
permeability scores are relatively meaningless with respect to the overall1190
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range of scores that is possible. However for materials where the mean In1191
Vitro Score was >10, the mean CV for opacity was 27.9% and for permeability1192
was 24.1%.1193

1194
c) BCOP1195

1196
BCOP Intralaboratory reproducibility for the anti-microbial cleaning products1197
was 20.3% for five materials (2 – 6 values per material). Intralaboratory CV’s1198
found by NICEATM in their BCOP Test Method Review Document ranged1199
from 12.6% to 14.8%.1200

1201
Interlaboratory reproducibility for the BCOP assay was assessed from three1202
studies where the median CV’s were: Study 1 (11-12 laboratories) 46.9%,1203
Study 2 (5 laboratories) 30.6% and Study 3 (3 laboratories) 22.8%. The1204
median CV is presented for these studies since the mean CV was strongly1205
affected by large CV’s for materials where the overall In Vitro Score was �10.1206

1207
Overall Testing Strategy1208

1209
A strategy is presented in this BRD where materials can be tested in one or more1210

in vitro assays to reach a final EPA or GHS toxicity category. Oxidizing formulations are1211
always tested in the BCOP assay, but other formulation types could be tested in any of1212
the three assays, as long as their physical characteristics are compatible with that1213
system. However a second assay may be needed since the BCOP can not identify an1214
EPA category IV material, while the CM and EO are able to. Conversely the BCOP1215
assay may be used differentiate between an EPA toxicity category I and II, but the CM1216
and EO are not able to do that.1217
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1 Introduction and Rationale for the Proposed Test Method1218

1.1 Introduction1219

1.1.1 Description of framework for development of program1220
1221

For the past twenty years, extensive research has been conducted to develop1222
non-animal approaches for evaluating the eye irritation potential of household and1223
commercial cleaning products. This research involved developing a detailed1224
understanding of the mechanism by which these products induced eye injury and then1225
developing in vitro and ex vivo assays that modeled that mechanism.1226

1227
In the mid to late 1990’s, manufacturers of household and commercial cleaning1228

products started to conduct internal evaluations of these assays to evaluate whether1229
they could be used to determine the appropriate ocular precautionary labeling for their1230
specific products.1231

1232
These internal studies were successful and for nearly a decade these non-animal1233

methods together with a weight-of-evidence approach have been used in lieu of1234
traditional rabbit models for the determination of ocular precautionary labeling of1235
products.1236

1237
For the vast majority of household and commercial cleaning products, the1238

Consumer Products Safety Commission (CPSC) has regulatory authority for ocular1239
cautionary labeling. The CPSC itself actively encouraged companies to use non-1240
animal tests. Its publication “Requirements under the Federal Toxic Substances Act:1241
Labeling and Banning Requirements for Chemicals and Other Toxic Substances”1242
states:1243

1244
“The FHSA only requires that a product be labeled to reflect the toxicities it1245
presents. It does not require anyone to perform animal tests. The Commission1246
policy is, whenever possible, to evaluate product toxicities by using alternatives1247
to animal testing. We encourage anyone evaluating products to determine1248
whether they present toxicities listed in the FHSA to follow a similar policy.”1249

1250
A small percentage of household and commercial cleaning products carry the1251

claim, “anti-microbial”. These are considered pesticidal products and regulatory1252
authority for ocular precautionary labeling for these products rests with EPA’s Office of1253
Pesticide Programs (OPP). In contrast to regulations for non-pesticidal cleaning1254
products, EPA regulations for pesticide registration require that animal tests be1255
performed to determine ocular precautionary labeling.1256

1257
Since non-animal methods are predominately used today to determine the ocular1258

precautionary labeling for the vast majority of household and commercial cleaning1259
products, a project (which has resulted in this Background Review Document) was1260
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initiated with the goal of gaining adoption of these methods for ocular precautionary1261
labeling decisions for a subset of specific products regulated by OPP – i.e., anti-1262
microbial cleaning products.1263

1264
Within this document is a proposed approach and supporting materials which1265

outline how these non-animal methods can be used to determine the EPA toxicity1266
Category (I – IV) for ocular cautionary labeling of anti-microbial cleaning products.1267

1268
It is now requested that ICCVAM conduct a technical review of this approach and1269

supporting materials and develop an opinion on whether the use of this approach will1270
assure the EPA that, with a reasonable level of certainty, antimicrobial cleaning1271
products will not be under labeled.1272

1.1.2 Summary of Project History1273
1274

The genesis of the herein described non-animal testing approach occurred within1275
the Pesticide Program Dialog Committee, a Federal Advisory Committee established to1276
advise EPA on the concerns of its many and diverse stakeholders. The concern was1277
broached in this committee that since cleaning products had apparently been safely1278
marketed for many years without the use of new animal tests, it seemed unreasonable1279
to force them to be tested in animals just because of a different claim. Their thought was1280
that as long as the non-animal methods would allow products to be adequately labeled,1281
then those options should be available and acceptable.1282

1283
EPA/OPP Director Jim Jones agreed with the advice of the committee to1284

investigate the feasibility of accepting non-animal methods for the labeling of cleaning1285
products, and began supporting efforts to develop a non-animal testing approach. The1286
effort was taken up by two major manufacturers of anti-microbial cleaning products, the1287
Procter & Gamble Company and S.C. Johnson & Son, Inc. A specialized in vitro1288
laboratory – The Institute for In Vitro Sciences, Inc. (IIVS) was asked to help coordinate1289
the program, perform any needed testing, and prepare the eventual submission.1290

1291
Although the project was originally scheduled to be presented directly to the1292

EPA’s science advisory panel, it was later determined that the Interagency Coordinating1293
Committee on the Validation of Alternative Methods (ICCVAM) would oversee the1294
technical review and then present their findings and recommendations to the EPA.1295
Therefore, this submission is being prepared according to the formatting suggested by1296
ICCVAM.1297

1298
To initiate the project, companies that manufacture anti-microbial cleaning1299

products or materials with similar formulations were invited to participate and to share1300
their animal data, in vitro data, and toxicological expertise. If this program is successful,1301
there will be several advantages for a manufacturer, for example, the ability to:1302

1303
� normalize standard practices for non-regulated product development with1304

regulated product requirements, and1305

�
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� use formulation development data obtained in vitro to support registration and1306
labeling1307

1308
The following seven companies agreed to assist the project by supplying animal1309

and/or in vitro data:1310
1311

� Clorox1312
� Colgate -Palmolive Company1313
� The Dial Corporation1314
� EcoLabs1315
� JohnsonDiversey, Inc.1316
� S.C. Johnson & Son, Inc.1317
� The Procter & Gamble Company1318

1319
Each company was informed that the specific data that they contributed would be1320

coded so that it could not be linked directly to them. They were asked to supply the1321
following type of information for each cleaning formulation that would be used in the1322
program:1323

1324
1) Complete data (carried out to 21 days) from individual animals used to test a1325

substance1326
2) Detailed description of the animal test protocol, if possible1327
3) Characterization of the suspected chemical activity category of the1328

formulation (see below)1329
4) Description of the ingredients contained in the test formulation at the level of1330

detail that would be supplied to a poison control center1331
5) Description of the in vitro test used with the test substance1332
6) Raw data from the in vitro test, if possible1333

1334
A sample Excel® spread sheet was provided to each potential participant which1335

included the input form that each submitter was asked to fill out for each animal tested1336
with each formulation.1337

1338
The following chemical descriptors were suggested to characterize the different1339

types of chemically-induced mechanisms associated with ocular irritation. These were1340
chosen based on existing information about the mechanisms of ocular irritation and the1341
common types of formulation chemistries used in commercial and household cleaning1342
products.1343

1344
� Surfactants (SU) (e.g., cationic, anionic, and nonionic with limited acid or alkaline1345

activity)1346
� Acids (AC) (e.g., with pH <4, especially where reserve acidity would contribute to1347

the irritation potential)1348
� Alkaline (AL) products (bases) (e.g., with pH >9, especially where reserve1349

alkalinity would contribute to the irritation potential)1350

�
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� Solvents (SO) (where organic solvents are expected to contribute to the irritancy1351
potential (e.g., alcohols, glycol ethers, etc.))1352

� Oxidizers (RC; reactive chemistry) (formulations containing specific reactive1353
chemicals, e.g., hypochlorite, peroxide, percarbonate, oxygen bleaches, etc.)1354

1355
The process began by collecting data (both animal and non-animal data) from1356

the historic records of the participating companies and combining it in a database (at1357
IIVS) to determine the effectiveness of the methods to predict the EPA toxicity labeling1358
categories of anti-microbial products. We compared the specific EPA categories with1359
the in vitro scores to determine prediction models for each in vitro test which could be1360
used to set cut offs for the various categories. Since knowing the correct EPA toxicity1361
category for the substances was imperative, raw data for the individual test animals1362
were absolutely required.1363

1364
In vivo methods: Data from two types of rabbit tests were submitted during this1365

project. One set was from the traditional Draize rabbit eye test, and the second was1366
from a similar test – the Low Volume Eye Test (LVET). The LVET is also a rabbit eye1367
test, but it differs from the traditional Draize assay in the volume tested and the location1368
on which the material is placed on the eye. The LVET uses one-tenth the volume of the1369
Draize test (10 µL vs. 100 µL) and places the material directly on the central surface of1370
the cornea as opposed to instilling the material in the conjunctival sac. This volume and1371
placement is thought to more closely mimic a typical human accidental exposure. Excel1372
spreadsheets were created to convert raw animal data into the appropriate EPA or GHS1373
scoring scale.1374

1375
In vitro methods: Three different in vitro assays for eye irritation were in common1376

use by the participating manufacturers. These were the EpiOcular (EO) assay, the1377
Cytosensor Microphysiometer (CM) assay, and the Bovine Cornea Opacity and1378
Permeability (BCOP) assay. The EO assay is a three-dimensional, non-keratinized,1379
tissue constructed from human epithelial cells. It is designed to have a similar1380
construction and histological appearance to the epithelial cell layers covering the1381
cornea. The CM is an instrument which measures changes in the metabolism of cells.1382
Increasing amounts of test article are exposed to the cells until the metabolic rate falls1383
by 50% (MRD50). The lower the MRD50 value, the higher is the potential for eye1384
irritation. The BCOP assay uses isolated bovine corneas dissected from whole globe1385
eyes obtained from slaughterhouses. Test substances can be placed directly on the1386
surface of these corneas and subsequent changes in both the opacity and the barrier1387
function of the epithelial cell layer can be measured. Additionally, histopathology can be1388
performed on the corneas so that the induced damage can be visualized.1389

1390
Anti-microbial cleaning products can be formulated in different ways. To prepare1391

for the possibility that each different type of formulation might have a slightly different1392
pattern of toxicity when used in the different in vitro tests, we described each product1393
according to what was thought would be the major driver of eye irritation for that1394
product. The descriptors chosen were acid, alkaline, oxidizer, surfactant, and solvent.1395

1396

�
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The first part of our study was purely retrospective. Graphical comparisons1397
between the toxicity categories determined by the in vivo and the in vitro scores for the1398
same test materials were made. This helped to decide if sufficient materials were1399
available in each toxicity category to allow the determination of potential cut-off values1400
that would ultimately define EPA classifications. Although this determination was1401
possible in some cases, in others we found that the data were lacking to clearly indicate1402
where the cut-off values should fall. However, probable cut-off ranges were still1403
hypothesized based on the distribution of the data and known irritation profiles1404
determined based on in vivo animal data.1405

1406
Materials were then sought with which to generate additional in vitro data from1407

the database of animal studies without paired in vitro data. It was hoped that these1408
additional studies would clarify where the cut-off values should lie. Attempts were made1409
to find materials from the toxicity categories that had low representation (for example,1410
EPA Category II materials were significantly underrepresented), or where the cut-off1411
values were difficult to determine. These materials were requested from the appropriate1412
manufacturers, and if the manufacturers chose to have them tested in the in vitro assay1413
that was suggested, they were instructed to code the materials before submitting them1414
for testing. The materials were then tested under code at IIVS. If the in vitro test1415
selected was the BCOP assay, the corneas were also submitted for histopathology1416
which was conducted either by IIVS staff or by an IIVS contractor skilled in ocular1417
histopathology. The histopathology results were then compared to the BCOP in vitro1418
scores to determine if they were reflective of the in vitro scores, or if the toxicity1419
category of the material should be increased. Materials were not decoded until after the1420
final decision as to the ocular irritation potential of the substance was made.1421

1422
These new data were then combined with the previous data to determine if they1423

supported the initial determination of cut-offs or if they provided more information which1424
allowed a better estimation of the cut-off.1425

1426
After the predictive capacity of each in vitro test was examined, we investigated1427

whether any of the tests could be stand-alone predictors of all of the EPA labeling1428
categories, or whether the tests had good predictive ability only for a portion of the1429
irritation scale. We found that the latter case was true for the data we analyzed. This led1430
us to develop a testing strategy which utilizes the Cytosensor assay and the EpiOcular1431
assay to identify the mild products, e.g., Categories III and IV, depending on the1432
physical state of the material. Substances which scored more irritating than a Category1433
III were moved to the more robust BCOP assay to determine if the materials were either1434
Category I or Category II materials.1435

1436
This testing scheme also can begin with the BCOP assay for materials expected1437

from their composition to be highly irritating. However, if the BCOP assay shows the1438
substance to be of a lower (Category III) irritation potential, the substance may be1439
retested in the Cytosensor or EpiOcular assay to determine if it is a Category III or1440
Category IV material. This strategy is depicted in Figure 1-1.1441

1442

�
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1443
1444
1445
1446
1447

Figure 1-1 The proposed testing strategy for determining the EPA toxicity category for anti-1448
microbial cleaning products.1449

1450
We wish to make it clear that the above strategy is self-correcting if the1451

initial estimate of irritation potential of a test substance is incorrect. If a highly1452
irritating material is tested in the Cytosensor or EpiOcular assays, it will receive a score1453
indicating that it is a highly irritating (category I) material. If further resolution is desired1454
(to determine if it is actually a Category II material rather than a Category I material), the1455
formulation can then be further tested in the BCOP assay. Similarly a mild material will1456
be identified as a Category III material by the BCOP assay. If it is important to the1457
company to distinguish between a Category III and IV for labeling and marketing1458

Category
I, III, IV

�
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purposes, then an additional Cytosensor or EpiOcular assay may be required to make1459
that determination.1460

1461

1.1.3 Confidential information1462
1463

Manufacturers who are participating in this program by submitting data have1464
agreed that any information that is contained in this submission is non-confidential.1465
However, the submitters do desire that individual data not be linked to a specific1466
company. Therefore, that information is not included, and the data are grouped so that1467
no linkage can be made to the company that generated it.1468

1469

1.2 Regulatory rationale and applicability1470

1.2.1 Current regulatory testing requirements for which the proposed test method1471
is applicable1472

1473
The proposed test methods will be used to make labeling decisions for anti-1474

microbial cleaning products as required by the EPA’s Office of Pesticide Programs (EPA1475
2003).1476

1477
The traditional method of making the labeling decisions is based on the Draize1478

rabbit eye irritation test (Draize, Woodard et al. 1944). In this test, a scoring scheme is1479
applied to the eyes of albino rabbits whose eyes have been exposed to a test material1480
by application within the conjunctival sac. The degree of irritation is classified according1481
to the ocular irritation criteria of Kay and Calandra (1962). This process is described in1482
Acute Eye Irritation (EPA 1998) published in August 1998. The same scoring system is1483
also used for grading and interpretation of data using the Low Volume Eye Test (LVET)1484
method.1485

1486
As stated in the BRD produced by NICEATM for the BCOP assay: “The EPA1487

ocular irritation classification regulation and testing guidelines (EPA 1998; EPA 2003)1488
are based on the most severe response in one animal in a group of three or more1489
animals. This classification system takes into consideration the kinds of ocular effects1490
produced, as well as the reversibility and the severity of the effects. The EPA classifies1491
substances into four ocular irritant categories, ranging from I to IV (Table 1-1) (EPA1492
2003). Category I substances are defined as corrosive or severe irritants, while1493
classification from II to IV is based on decreasing irritation severity, as well as the time1494
required for irritation to clear. Irritation that clears in 8 to 21 days is classified as1495
Category II, while irritation that clears within seven days is classified as Category III. For1496
Category IV substances, irritation clears within 24 hours.”1497

�
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1.2.2 Intended regulatory use (i.e., replacement) of the proposed method1112
1113

The proposed testing scheme is designed to replace the Draize rabbit eye1114
irritation test for the purpose of toxicity labeling of anti-microbial cleaning products1115
(see above).1116

1.2.3 Similarities between data obtained using this method and the current in1117
vivo data1118

1119
The current in vivo data consist of information about the cornea (area and1120

amount of opacity), the iris (iritis) and the conjunctiva (redness and chemosis).1121
1122

Data obtained from the proposed in vitro testing scheme give information1123
about toxicity mainly to the cornea and the conjunctiva. Two of the in vitro ocular1124
irritation tests proposed (EO and CM) give information about the direct toxicity of the1125
test material to cells. This is the same type of toxicity that occurs in the outer surface1126
of the cornea and to the conjunctiva. The third in vitro ocular test utilizes an excised1127
bovine cornea, and thus the type of initial damage that is seen in this in vitro (or ex1128
vivo) test is very similar to what occurs to the animal cornea during a traditional eye1129
irritation test.1130

1.2.4 Fit of method into the overall strategy of toxicity or safety assessment1131
1132

The proposed in vitro testing strategy provides a complete tiered assessment1133
process to determine the EPA toxicity category and product labeling for eye irritation1134
caused by anti-microbial cleaning products.1135

1.3 Scientific basis for the proposed test method1136

1.3.1 Purpose and mechanistic basis of the proposed test methods1137
1138

Data from three in vitro methods are used in this submission. These in vitro1139
methods – the Cytosensor assay, the EpiOcular assay and/or the BCOP assay –1140
were primarily chosen because they had been extensively used by participating1141
companies to assess cleaning products and similar materials, and because there1142
were in vivo data available which could be paired with the in vitro data. The1143
mechanistic basis of each of these assays is described in detail below.1144

1.3.1.1 Cytosensor Microphysiometer (CM) Assay1145
1146

The Cytosensor is a machine which measures the metabolic activity of a1147
small population of cells grown as a monolayer in a Transwell cup. The cells are1148
exposed to increasing concentrations of a test substance, and their metabolic1149
activity (an estimate of their viability) is measured after each exposure. As the1150
toxicity of the test substance increases, the metabolic activity decreases until1151
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eventually the cells may be completely killed. The endpoint of the assay is the1152
MRD50 (concentration of test material which reduces the metabolic rate to 50% of1153
the control rate). The more irritating the test material, the lower the MRD50.1154

1155

1.3.1.1.1 Intended uses / purpose of the CM1156
1157

Currently the CM is used by industry early in the new product development1158
process to screen primarily liquid ingredients for cosmetic, personal care, and1159
household cleaning products. This screening is then often followed by evaluations of1160
the final formulations for final in-house safety and labeling decisions. Data from the1161
CM may be combined with information from other in vitro, existing in vivo, and in1162
silico assays on the formulation and/or the ingredients contained within to provide a1163
“weight of evidence” evaluation of the formulation. Information from this assay is1164
generally not combined with new animal data in making the final safety decision for1165
the product.1166

1167
At the time the CM technology was developed, a number of in vitro assays1168

such as the Neutral Red Uptake assay were already proposed as potential1169
replacements for the Draize eye irritation test. However, the great advantage of the1170
CM, or its predecessor the silicon microphysiometer (SM), technology was that1171
measurement could be made of the cytotoxic response of the target cells in real1172
time, as opposed to the 2-3 days or longer time which was required of the existing1173
cytotoxicity assays. Thus, the assay was mainly created not to reveal a completely1174
new endpoint, but rather to provide data in a much shorter time period.1175
Subsequently, it was realized that greater sensitivity of the CM method made it1176
useful in identifying differences between formulations which were already1177
determined to be very mild.1178

1.3.1.1.2 Regulatory rationale and applicability of the CM1179
1180

To the best of our knowledge, the CM assay is not currently included in the1181
regulatory scheme of any country. Data are used primarily to evaluate raw materials1182
and formulations where regulatory registration is not required. It has been reviewed1183
informally by regulatory agencies in the US as part of the Interagency Regulatory1184
Alternatives Group (IRAG) evaluation of alternative ocular irritation assays (Botham,1185
Osborne et al. 1997). A BRD on the performance of the CM test method is currently1186
being prepared for review by ECVAM as part of their ocular toxicity method1187
validation program.1188

1.3.1.1.3 Scientific basis for the CM test1189
1190

Topical applications of chemicals can kill cells in several ways; among these1191
are lysis of membranes, denaturation of proteins, saponification of lipids, and1192
alkylation or other covalent interactions with macromolecules. The first three modes1193
of action kill or damage very rapidly while the last may act rapidly but the evidence1194

�

C-105

Appendix C – Summary Review Document



EPA Toxicity Labeling Background Review Document 1 Introduction and Rationale

EPA BRD-Final Report Page 12 of 215

of the action may take some time to be manifested (Maurer, Parker et al. 2002).1195
Certain chemical classes are associated with these modes of action. Surfactants are1196
primarily associated with membrane lysis although cationic surfactants may also act1197
to precipitate proteins and other macromolecules. Organic solvents can act to1198
delipidize and thus lyse membranes as well as denature (coagulate or precipitate)1199
proteins. Acids tend to coagulate or precipitate proteins. Alkalis saponify lipids and1200
denature proteins in a way that tends to allow them to penetrate into the cornea.1201
Bleaches, peroxides, alkylators (e.g., mustards) bind to macromolecules (especially1202
DNA) leading to cell death.1203

1204
Damage to the eye is a function of the inherent cytotoxicity potential of the1205

chemical or mixture, the effective concentration impacting the tissues and the1206
residence time at that concentration on or in the tissues. The effective exposure is a1207
combination of concentration and time of exposure (Figure 1-2). For example, a1208
neat organic solvent may have a high cytotoxic potential but if it rapidly evaporates,1209
the effective residence time will be less. Putting a large volume into a closed sac1210
(e.g., lower conjunctival sac of the rabbit eye) will produce a very different effective1211
exposure than a smaller amount placed (or accidentally splashed) onto the open1212
surface of the cornea. Another solvent may have a longer residence time but have1213
its cytotoxic potential rapidly reduced by dilution with tears. In this case, the irritation1214
potential in a species with a low propensity to tear could show much more irritation1215
than in a species with a high propensity to tear. The effective exposure to solids1216
(powders) in the eye is a particular challenge. Powders placed into the conjunctival1217
sac may have a residence time that ranges from minutes to a full day (and longer in1218
some older studies) (Prinsen 2006). Traditional studies of eye irritation potential do1219
not measure or control the effective exposure within or among studies. Thus, efforts1220
to model exposure in alternative test systems are based on best estimates and1221
approximations.1222

1223

1224
Figure 1-2 Factors that impact exposure to the eye1225

1226
Mechanistically, this cytotoxicity assay is intended to model the action of the1227

surfactant on the cell membranes of the corneal and conjunctival epithelium where1228
the test article would reside in an in vivo exposure. The potency of the surfactant (or1229
surfactant formulation) in vivo is related to the area and number of cell layers that1230
can be lysed during the effective exposure period. More potent (and/or more1231
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substantive) surfactants will be more effective at a given concentration and1232
exposure period. Potency can be a function of concentration (e.g., in a formulation)1233
or chemical structure. Thus, a lower concentration of a more potent surfactant or1234
more concentrated formulation would be required to lyse the membranes, and thus1235
kill a given fraction of the cells in the epithelia (both corneal and conjunctival).1236
Expressed another way, a given concentration of a more potent test material should1237
lyse more cells (i.e., greater depth of penetration and injury). Initial depth of injury1238
has been shown by Maurer, Jester, and collaborators (Jester, Petroll et al. 1998;1239
Jester, Li et al. 2001; Maurer, Parker et al. 2002) to relate directly to the degree and1240
duration of ocular injury (Figure 1-3). Their work has shown the relationship between1241
cell initial killing and the resulting irritation. In the cytotoxicity assays with monolayer1242
cells, a similar relationship between potency and effective concentration is expected1243
for killing 50% of the target cell population (Harbell, Koontz et al. 1997).1244

1245
Non Slight Mild Moderate Severe Irritation1246

1247
Figure 1-3 Summary of the Depth of Injury Model1248

1249
The CM estimates the metabolic rate (glucose utilization rate) of a population1250

of cells by measuring the rate of excretion of acid by-products and resulting1251
decrease in pH of the surrounding medium in an enclosed chamber. The rate of1252
change in pH per unit time becomes the metabolic rate of the population. The basal1253
metabolic rate and the ratio of glycolytic to aerobic metabolism (Krebs Cycle) may1254
be different for different cell types. However, for the population of any one cell type,1255
the ratio remains similar if the cells are handled in a consistent fashion. If a test1256
material causes cytotoxicity to this population of cells it is assumed that the1257
metabolic rate will fall. However, the metabolic rate may not fall immediately after1258
exposure of the cells to a dilute concentration of toxicant. Populations of cells in1259
culture are reported to metabolize glucose at only a fraction of their maximal1260
metabolic rate (McConnell, Owicki et al. 1992). Thus, an up regulation of glucose1261
metabolism can occur if the cells need energy to maintain their integrity in the face1262
of a mild biochemical insult. For example, exposure to a subcytotoxic concentration1263
of surfactant can increase membrane leakage (to ions and water). This in turn can1264
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lead to an increase in the activity of ATP-dependent ion pumps and increased1265
glucose metabolism. Thus early points in a killing curve can show increases in1266
metabolic rate of 2- to 3-fold, but this metabolic rate then soon falls below 100% as1267
higher concentrations of test material overwhelm the homeostatic controls within the1268
cells (Figure 1-4).1269

1270

1271
Figure 1-4 Example of the metabolic rate data as a function of surfactant type and1272
concentration1273

1274
Although the metabolic rate is the physical parameter which is measured1275

during the CM assay, the magnitude of metabolic rate itself is not directly related to1276
eye irritation potential. Rather, the reduction of the metabolic rate to 50% of its basal1277
rate is the parameter used to measure the impact of the test article on the test1278
system (L929 cells in almost all cases). The CM assay exposes a population of cells1279
to increasing concentrations of the test article (diluted in medium). The exposure1280
follows a three step process where the first step is the exposure to the diluted test1281
article, the second is the test article rinse-out and the third is the measurement of1282
the metabolic activity. This means that the impact of the exposure is measured1283
immediately and then a subsequent exposure is performed until the highest testable1284
concentration has been used or the population of cells is severely damaged and the1285
metabolic rate has declined to effectively zero. From the concentration response1286
curve, the concentration that leads to a 50% decline in the metabolic rate of the1287
population (the MRD50) is calculated from the curve. The MRD50 values are used to1288
compare test materials and provide a measure of ocular irritancy potential. By1289
current convention, the units of the MRD50 are mg/mL.1290

1291
For ease in understanding the mechanistic basis of the CM assay, a table1292

(Table 1-2) has been compiled describing the events that are commonly considered1293
to occur during eye irritation. Those events that are modeled (or are closely related)1294
by the CM assay are indicated by a Y (yes) indication. It can be seen that the CM1295
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assay most closely models some of the initial stages of interaction of an eye irritant1296
with the cornea. The more distal occurrences in eye irritation such as gross tissue1297
changes in the corneal stroma, and the recovery from the lesions, are not directly1298
modeled. However, if the hypothesis of Jester, Mauer, and others that initial area1299
and depth of injury is predictive of time to, and extent of, recovery, then the1300
measurements made by the CM may have a relationship to recovery as well.1301

1302
Table 1-2 Summary of events involved in chemical-induced eye irritation in vivo. Text in1303
italics represents irreversible responses.1304

Events involved in chemical-induced eye irritation Modeled by the
CM assay?

Chemical interaction with tear film (Klyce and Beuerman 1988;
Hackett and McDonald 1994) N

Chemical binding to the conjunctival epithelium (Hogan and
Zimmerman 1962; Hackett and McDonald 1994) Y

Adhesion molecules compromised (Farquhar and Palade 1963;
Van Meer, van Hof et al. 1992; Katahira, Sugiyama et al. 1997) N

Corneal epithelium damage (Dua, Gomes et al. 1994) Y
� Inhibition of receptor-mediated membrane transport

(Dearman, Cumberbatch et al. 2003)
Y

� Compromise of cell membrane integrity of upper corneal
epithelium (Dua, Gomes et al. 1994; Hackett and
McDonald 1994; Maurer and Parker 1996)

Y

� Cell membrane lysis of all corneal epithelium layers
(Hackett and McDonald 1994) Y

Hydration of corneal stroma (Hackett and McDonald 1994) N
Cross-linking of proteins in corneal stroma (Butler and Hammond
1980; Eurell, Sinn et al. 1991; Chan and Hayes 1994) N

Erosion of corneal stroma (Baldwin, McDonald et al. 1973; Hackett
and McDonald 1994; Maurer and Parker 1996) N

Cell damage to corneal epithelium and limbus (Jacobs and Martens
1990; Wilhelmus 2001) Partially

Dilation and increased lymphatic leakage from scleral vasculature
(Hackett and McDonald 1994) N

Stimulation of nerve endings, i.e., enhanced blinking, tearing (Chan
and Hayes 1994) N

Erosion of nerve endings in cornea and sclera (Butler and
Hammond 1980; Klyce and Beuerman 1988; Araki, Ohahsi et al.
1994)

N

Duration of response, i.e., length of time cell responses deteriorate.
Duration of response covers the effects of reactive chemicals which
can cause coagulation, saponification, that are effects which
develop and increase over time. (Hubert 1992; Maurer and Parker
1996)

N

Recovery from response, i.e., length of time for cell responses to
return to control levels (Hubert 1992) N
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1.3.1.2 EpiOcular1305
1306

The in vitro method using the EpiOcular tissue model was developed as a1307
replacement for the Draize eye irritation test (Draize, Woodard et al. 1944; Draize,1308
Woodward et al. 1944). The Draize scoring system is heavily weighted towards1309
corneal damage (80 out of a total of 110 total points) because irreversible damage1310
to the cornea can lead to blindness. Since damage to the cornea is so important1311
both in the Draize scoring scale and to human health, the cornea (specifically its1312
outer surface, the epithelium) is the tissue that is modeled by the EpiOcular tissue1313
model. The EpiOcular protocol models very closely the Low Volume Eye Test1314
(LVET) (Griffith, Nixon et al. 1980) where test materials are applied directly to the1315
surface of the cornea.1316

1317
The topical application method described in this BRD utilizes a commercially1318

available three-dimensional tissue construct called EpiOcular (Model OCL-200,1319
MatTek Corporation, Ashland, MA) (herein referred to as the EpiOcular tissue1320
model). The EpiOcular tissue model consists of normal, human-derived epidermal1321
keratinocytes that have been cultured to form a stratified, squamous epithelium1322
similar to that found in the human cornea (Figure 1-5). In this model, keratinocytes1323
progressively flatten as the apical surface of the tissue is approached and1324
differentiate to form a multi-layered structure that closely resembles the corneal1325
epithelium in vivo. In vivo-like growth characteristics are reproduced and include1326
mitotically and metabolically active cells that produce pro-inflammatory growth1327
factors and cytokines important in ocular irritation and inflammation (Thakur, Clegg1328
et al. 1997). Test materials can be applied directly to the surface of the tissue1329
construct to approximate exposure conditions in vivo. Damage to the tissue, as1330
reflected by cell cytotoxicity, can be quantified via the chemical reduction of 3-(4,5-1331
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and related to a test1332
material’s potential for ocular irritation. The current submission describes the1333
relationship between in vitro cytotoxicity (time-to-toxicity) and in vivo ocular irritation.1334

�

C-110

ICCVAM AMCP Evaluation Report



EPA Toxicity Labeling Background Review Document 1 Introduction and Rationale

EPA BRD-Final Report Page 17 of 215

1335

a) EpiOcular: Magnification 360x b) Rabbit Cornea: Magnification 360X

c) Human Cornea
1336

Figure 1-5 Photomicrographs of a) the EpiOcular model showing the stratification and lack of1337
surface keratinization (photo from MatTek Corporation, Ashland, MA), b) the cornea of a rabbit1338
eye (photo courtesy of MatTek Corporation, Ashland, MA), and c) a human cornea.1339

1340

1.3.1.2.1 Intended uses / purpose of the EpiOcular assay1341
1342

Very similar to what was described earlier for the CM (Section 1.3.1.1.1), the1343
EpiOcular assay is used by industry early in the new product development process1344
to screen solid or liquid ingredients for cosmetic, personal care, and household1345
cleaning products, as well as assessment of irritation potential of final formulations.1346
One advantage that this method has in comparison to the CM test method is that1347
common product formulations like gels, pastes, creams, and powders are1348
completely compatible with the EpiOcular tissue. Toxicity screening activity is then1349
often followed by further EpiOcular evaluations of the final formulations for final in-1350
house safety decisions. Data from the EpiOcular assay may be combined with1351
information from other in vitro or in silico assays to provide a “weight of evidence”1352
evaluation of the formulation. Information from this assay is generally not combined1353
with new animal data in making the final safety decision for the product.1354

1.3.1.2.2 Regulatory rationale and applicability of the EpiOcular test method1355
1356

To the best of our knowledge, the EpiOcular test method is not currently1357
included in the regulatory scheme of any country. Data are used primarily to1358
evaluate raw materials and formulations where regulatory registration is not1359
required. It is in the process of being reviewed by ECVAM as part of their ocular1360
toxicity method validation program.1361
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1.3.1.2.3 Scientific basis for the EpiOcular test method1362
1363

As described above, the EpiOcular test method is an attempt to model early1364
changes that occur in the cornea after exposure to a potential eye irritant. The1365
model, as shown in Figure 1-5, closely resembles the non-keratinized squamous1366
epithelium of the mammalian cornea. Because this model is maintained at the1367
air:medium interface, the apical surface is accessible for direct application of test1368
material as might occur during a traditional Draize or LVET rabbit eye test or an1369
accidental human exposure.1370

1371
Since the damage induced by eye irritants is generally progressive from the1372

corneal epithelium through the stroma and potentially to the endothelium, the1373
EpiOcular assay is able to provide information on the first stages of this progression.1374
As an irritant kills cells as it moves through the corneal epithelium, the cytotoxic1375
progress can be estimated by measuring the loss of MTT reducing activity in the1376
EpiOcular tissue using standardized methods. Although the model only represents1377
the corneal epithelium, (very mild responses would also be reflective of some1378
conjunctival irritation), it can be used to estimate deeper damage into the stroma1379
because of the time-to–toxicity measurements (ET50’s) that are made. The quicker a1380
material kills 50% of the cells in the model the more likely it is to progress to deeper1381
layers of the cornea.1382

1383
It should be clear from this discussion that the EpiOcular assay is most1384

valuable in addressing the milder end of the irritation scale. Very mild materials may1385
take up to 4 hours to kill 50% of the cells. Thus it is relatively easy to differentiate1386
between the degrees of mildness of two closely related mild substances. However, if1387
extremely irritating materials are used with the EpiOcular assay, the rather thin layer1388
of cells comprising the model is killed quite rapidly (on the order of seconds for1389
extremely toxic materials). When materials act this rapidly, it is extremely difficult to1390
differentiate one very toxic material from another which is only slightly less toxic.1391
Thus the EpiOcular assay has been used most successfully with materials which1392
exist in the lower range of irritancy potential. That fact is borne out by the data in this1393
BRD which show that the EpiOcular assay can be used to identify and differentiate1394
EPA Category III from Category IV materials, while the BCOP assay cannot.1395
Conversely the EpiOcular assay does not seem to be able to differentiate EPA1396
Category II materials from EPA Category I materials as easily as the BCOP assay.1397

For ease in understanding the mechanistic basis of the EO assay, a table1398
(Table 1-3) has been compiled describing the events that are commonly considered to1399
occur during eye irritation. Those events that are modeled (or are closely related) by1400
the EpiOcular assay are indicated by a Y (yes) indication.1401

1402
It can be seen that the EpiOcular assay most closely models some of the1403

initial stages of interaction of an eye irritant with the cornea. The more distal1404
occurrences in eye irritation such as gross tissue changes in the corneal stroma,1405
and the recovery from the lesions, are not directly modeled. However, if the1406
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hypothesis of Jester, Mauer, and others that initial area and depth of injury is1407
predictive of time to, and extent of, recovery, then the measurements made by the1408
EpiOcular assay may have a relationship to recovery as well.1409

1410
Table 1-3 Summary of events involved in chemical-induced eye irritation in vivo. Text in1411
italics represents irreversible responses.1412

Events involved in chemical-induced eye irritation
Modeled by the

EpiOcular
assay?

Chemical interaction with tear film (Klyce and Beuerman 1988;
Hackett and McDonald 1994) N

Chemical binding to the conjunctival epithelium (Hogan and
Zimmerman 1962; Hackett and McDonald 1994) Y

Adhesion molecules compromised (Farquhar and Palade 1963;
Van Meer, van Hof et al. 1992; Katahira, Sugiyama et al. 1997) Y

Corneal epithelium damage (Dua, Gomes et al. 1994) Y
� Inhibition of receptor-mediated membrane transport

(Dearman, Cumberbatch et al. 2003) Y

� Compromise of cell membrane integrity of upper corneal
epithelium (Dua, Gomes et al. 1994; Hackett and
McDonald 1994; Maurer and Parker 1996)

Y

� Cell membrane lysis of all corneal epithelium layers
(Hackett and McDonald 1994) Y

Hydration of corneal stroma (Hackett and McDonald 1994) N
Cross-linking of proteins in corneal stroma (Butler and Hammond
1980; Eurell, Sinn et al. 1991; Chan and Hayes 1994) N

Erosion of corneal stroma (Baldwin, McDonald et al. 1973; Hackett
and McDonald 1994; Maurer and Parker 1996) N

Cell damage to corneal epithelium and limbus (Jacobs and Martens
1990; Wilhelmus 2001) Partially

Dilation and increased lymphatic leakage from scleral vasculature
(Hackett and McDonald 1994) N

Stimulation of nerve endings, i.e., enhanced blinking, tearing (Chan
and Hayes 1994) N

Erosion of nerve endings in cornea and sclera (Butler and
Hammond 1980; Klyce and Beuerman 1988; Araki, Ohahsi et al.
1994)

N

Duration of response, i.e., length of time cell responses deteriorate.
Duration of response covers the effects of reactive chemicals which
can cause coagulation, saponification, that are effects which
develop and increase over time. (Hubert 1992; Maurer and Parker
1996)

N

Recovery from response, i.e., length of time for cell responses to
return to control levels (Hubert 1992) N
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1.3.1.3 BCOP1413
1414

The test system (target tissue) for the BCOP assay is the isolated bovine1415
cornea obtained as a by-product from freshly slaughtered animals (Figure 1-6). The1416
procedures for preparing and handling the test system were developed by1417
Gautheron et al. (1992). The assay measures two important components that are1418
predictive of eye irritation; corneal opacity and permeability (Sina 1994). When1419
necessary, the depth and degree of injury may be assessed by histological1420
evaluation.1421

1422

Epithelium

Descemet’s
Membrane and
Endothelium

Stroma

Figure 1-6 A cross-section of a typical bovine cornea as used in the BCOP assay. (H&E stain)1423
1424

Since the apical surface of the bovine cornea is easily accessible in the organ1425
culture chamber in which the cornea is held, liquid test substances can be easily1426
applied and tested neat unless information about exact in-use (diluted) conditions1427
are desired. Solid test substances are usually tested as a 20% slurry in sterile1428
deionized water. Changes in opacity, permeability to fluorescein, and tissue1429
architecture (depth of injury) are measured and used to assess the relative potential1430
for ocular irritancy of the test substances.1431

1.3.1.3.1 Intended uses / purpose of the BCOP assay1432
1433

Very similar to what was described earlier for the CM assay (Section1434
1.3.1.1.1) and the EpiOcular assay (Section 1.3.1.2.1), the BCOP assay is used by1435
industry early in the product development process to screen solid or liquid1436
ingredients for cosmetic, personal care, and household cleaning products, as well1437
as final formulations. One advantage that this method has in comparison to the CM1438
and EpiOcular test methods is that actual ocular tissue is used in the assay, and, if1439
desired, damage to the cornea can be visualized by conducting histopathological1440
analysis after test article treatment. Often final in-house safety decisions are made1441
based on results from the BCOP assay. Data from the BCOP assay may be1442
combined with information from other in vitro or in silico assays to provide a “weight1443
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of evidence” evaluation of the formulation. Information from this assay is generally1444
not combined with new animal data in making the final safety decision for the1445
product.1446

1447

1.3.1.3.2 Regulatory rationale and applicability of the BCOP test method1448
1449

To the best of our knowledge, the BCOP test method is not currently included1450
in the regulatory scheme of any country. However, data from the assay that1451
indicates severe irritation has been accepted by regulators from several European1452
Union countries in lieu of animal tests. The test has been reviewed by ICCVAM in1453
their evaluation of the “Current Status of In vitro Test Methods for identifying Ocular1454
Corrosives and Severe Irritants.” The BRD for the BCOP that was constructed for1455
this effort is appended to this report. We have also quoted freely from this NICEATM1456
report in the preparation of the BCOP portion of this current BRD. The final1457
conclusion of ICCVAM concerning the BCOP assay was that there are sufficient1458
data to support the use of the BCOP test method, in appropriate circumstances and1459
with certain limitations, as a screening test to identify substances as ocular1460
corrosives and severe irritants (i.e., EPA Category I, UN GHS Category 1, EU R41)1461
in a tiered-testing strategy, as part of a weight-of-evidence approach.1462

1463
Within industry, many toxicologists use results from the BCOP assay (with or1464

without histopathology analysis) to make final safety and labeling decisions for1465
products which do not have formal regulatory registration requirements.1466

1467

1.3.1.3.3 Scientific basis for the BCOP method1468
1469

The following discussion of the scientific basis for the BCOP assay is quoted1470
from the NICEATM BRD “Current Status of In vitro Test Methods for Identifying1471
Ocular Corrosives and Severe Irritants: Bovine Corneal Opacity and Permeability1472
Test Method.”1473

1474
“The BCOP is an organotypic model (i.e., isolated whole organ, or1475

component thereof) that provides short-term maintenance of normal physiological1476
and biochemical function of the cornea in an isolated system (Chamberlain, Gad et1477
al. 1997). As noted above, the BCOP was developed as an alternative eye irritation1478
test method in order to obviate the need for laboratory animals as the source for test1479
eyes.1480

1481
The most commonly used endpoints evaluated in the BCOP assay to1482

measure the extent of damage to the cornea following exposure to a chemical1483
substance are corneal opacity and permeability. Opacity is quantitatively measured1484
by the amount of light transmission through the cornea, and permeability is1485
quantitatively measured as the amount of the small molecule, sodium fluorescein,1486
that penetrates all corneal cell layers. Irritant-induced opacity in the cornea indicates1487
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denaturation/precipitation of proteins in the epithelial or stromal layers and/or1488
swelling, vacuolization, or damage to the cells in the stromal layer (Millichamp1489
1999). Development of opacity in the cornea, which is normally a transparent tissue,1490
is a significant adverse effect of some irritants that can lead to vision loss. Increased1491
corneal permeability results from damage to the corneal epithelium, which normally1492
serves as a barrier function. In addition, histopathological evaluation of the treated1493
cornea provides useful descriptive information of corneal damage (Curren, Evans et1494
al. 2000; Cooper, Earl et al. 2001).1495

1496
Histopathology or confocal microscopy would allow for a more accurate1497

assessment of the extent of corneal injury. Maurer et al. (2002) proposed that the1498
extent of ocular injury, as measured by confocal microscopy, has the greatest1499
impact on the outcome of such an injury. Live/dead cell staining methods evaluated1500
with confocal microscopy have also been used to determine the extent or depth of1501
corneal injury (Maurer, Li et al. 1997) and in an ex vivo corneal button assay (Jester,1502
Li et al. 2001). These studies prompted the authors to suggest that the extent of1503
corneal injury could be used as the basis for developing alternative methods to1504
predict the level of damage produced by ocular irritants.” Thus, the BCOP offers the1505
possibility of using depth-of-injury analysis through histopathology to predict the1506
potential outcome of eye injury produced by ocular irritants.1507

1508
For ease in understanding the mechanistic basis of the BCOP assay, a table1509

(Table 1-4) has been compiled describing the events that are commonly considered1510
to occur during eye irritation. Those events that are modeled (or are closely related)1511
by the BCOP assay are indicated by a Y (yes) indication.1512

1513
It can be seen that the BCOP assay closely models not only most of the initial1514

stages of interaction of an eye irritant with the cornea, but also some of the more1515
distal occurrences in eye irritation such as gross tissue changes in the corneal1516
stroma. However, the short time period that the cornea can be kept in organ culture1517
limits the amount of recovery, if any, which may occur. Again, if the hypothesis of1518
Jester, Mauer, and others that initial area and depth of injury is predictive of time to,1519
and extent of recovery, then the measurements made by the BCOP assay may1520
have a relationship to recovery as well.1521

1522
1523
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Table 1-4 Summary of events involved in chemical-induced eye irritation in vivo. Text in1524
italics represents irreversible responses.1525

Events involved in chemical-induced eye irritation Modeled by the
BCOP assay?

Chemical interaction with tear film (Klyce and Beuerman 1988;
Hackett and McDonald 1994) N

Chemical binding to the conjunctival epithelium (Hogan and
Zimmerman 1962; Hackett and McDonald 1994) Y

Adhesion molecules compromised (Farquhar and Palade 1963;
Van Meer, van Hof et al. 1992; Katahira, Sugiyama et al. 1997) Y

Corneal epithelium damage (Dua, Gomes et al. 1994) Y
� Inhibition of receptor-mediated membrane transport

(Dearman, Cumberbatch et al. 2003) Y

� Compromise of cell membrane integrity of upper corneal
epithelium (Dua, Gomes et al. 1994; Hackett and
McDonald 1994; Maurer and Parker 1996)

Y

� Cell membrane lysis of all corneal epithelium layers
(Hackett and McDonald 1994) Y

Hydration of corneal stroma (Hackett and McDonald 1994) Y
Cross-linking of proteins in corneal stroma (Butler and Hammond
1980; Eurell, Sinn et al. 1991; Chan and Hayes 1994) Y

Erosion of corneal stroma (Baldwin, McDonald et al. 1973; Hackett
and McDonald 1994; Maurer and Parker 1996) Y

Cell damage to corneal epithelium and limbus (Jacobs and Martens
1990; Wilhelmus 2001) Y

Dilation and increased lymphatic leakage from scleral vasculature
(Hackett and McDonald 1994) N

Stimulation of nerve endings, i.e., enhanced blinking, tearing (Chan
and Hayes 1994) N

Erosion of nerve endings in cornea and sclera (Butler and
Hammond 1980; Klyce and Beuerman 1988; Araki, Ohahsi et al.
1994)

N

Duration of response, i.e., length of time cell responses deteriorate.
Duration of response covers the effects of reactive chemicals which
can cause coagulation, saponification, that are effects which
develop and increase over time. (Hubert 1992; Maurer and Parker
1996)

Partially

Recovery from response, i.e., length of time for cell responses to
return to control levels (Hubert 1992) N

1526
1527

�

C-117

Appendix C – Summary Review Document



EPA Toxicity Labeling Background Review Document 2 Test Method Components

EPA BRD-Final Report Page 24 of 215

2 Test Method Components1528

2.1 Overview of the proposed testing approach1529
1530

A general review of how this project was structured and how the testing1531
approach was determined has been presented in Section 1 – Introduction and1532
Rationale. The testing approach itself is presented in Figure 1-1 and relies on using1533
one of three in vitro assays potentially supplemented with a second in vitro assay to1534
further refine the appropriate labeling category.1535

1536
Anti-microbial cleaning products can be formulated in different ways.1537

Although to begin this study we characterized the formulations into several different1538
classes, i.e. acids, bases, surfactants, solvents, and oxidizing chemistries, we found1539
that most of these classes reacted similarly in the in vitro assays. We eventually1540
concluded that only those materials with oxidizing chemistry and those with a high1541
solvent concentration (>5%) should be treated somewhat differently from the others.1542
It is also useful to determine the water solubility of the formulation since only fully1543
water soluble materials can be tested in the Cytosensor Microphysiometer.1544

1545
The proposed testing strategy (see Figure 1-1) begins by evaluating the1546

components of the formulation. If the formulation is characterized as having1547
oxidizing chemistry, then the first step is to test it using the BCOP assay. This is1548
done because the oxidizers seem to be overpredicted in the other assay systems1549
(see Section 6 – Test Method Predictive Capacity). Any of the other types of1550
formulations may also be tested in the BCOP assay, although we suggest that1551
formulations thought to be mild or non-irritating (e.g. EPA labeling categories III or1552
IV) be tested first in either the Cytosensor or EpiOcular assays. This is suggested1553
since the latter two assays are better able to identify EPA IV materials than the1554
BCOP assay (see Section 6 – Test Method Predictive Capacity). Conversely, if the1555
formulation is thought to be a strong eye irritant, (e.g. EPA I or II) it is suggested that1556
it first be tested in the BCOP assay. If the formulation is characterized as a high1557
solvent (>5%) product, the BCOP assay should be conducted with a 3 minute1558
exposure rather than the traditional ten minute exposure. This is because our1559
studies showed that some high solvent materials were overclassified by the BCOP if1560
the longer exposure was used (see discussion in Section 6.3.2.2.3).1561

1562
Table 2-1 describes the BCOP assay in vitro score cut-off values for the EPA1563

category designations. If the testing results in a BCOP in vitro score that is �75 it is1564
given a Category I designation. If testing results in a score �25, it is initially given a1565
Category II designation, but histopatholgy of the corneas is conducted to verify the1566
designation (see Section 6.3.3). Similarly, a material scoring <25 (Category III)1567
should have histopathology performed to verify its designation, or it could be1568
retested in the Cytosensor or EpiOcular assays to determine whether it was actually1569
a Category IV rather than a Category III.1570

1571
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Table 2-1 BCOP in vitro score and EPA category designation1572
BCOP In vitro Score EPA Category
in vitro score � 75 Category I

75 > in vitro score � 25 Category II (Histopathology should be
performed)

in vitro score < 25

Assume Category III (Histopathology
should be performed) or retest in
Cytosensor or EpiOcular to determine if
Category III or IV

1573
When conducting the BCOP assay the following conclusions from Section 61574

should be considered:1575
1576

1) In general, when testing anti-microbial cleaning product1577
formulations, the BCOP assay should be conducted with a ten1578
minute exposure.1579

1580
2) If the anti-microbial cleaning product contains a solvent at the level1581

of 5% or greater, it should be tested with a three minute exposure.1582
1583

3) All anti-microbial cleaning products having an In Vitro Score �751584
should be classified as an EPA Category I or a GHS Category 1. No1585
histopathology needs to be conducted.1586

1587
4) Anti-microbial cleaning products having an In Vitro Score <75 and �1588

25 are given a preliminary classification of EPA Category II or GHS1589
Category 2A. They should be further assessed with a1590
histopathological evaluation and given the final categorization of1591
whichever determination (In Vitro Score or histological evaluation)1592
is more severe.1593

1594
5) Anti-microbial cleaning products having an In Vitro Score <25 are1595

given a preliminary classification of EPA Category III or GHS1596
Category 2B. They should be further assessed with a1597
histopathological evaluation and given the final categorization of1598
whichever determination (in vitro score or histological evaluation)1599
is more severe.1600

1601
6) (Optional) To determine if an anti-microbial cleaning product which1602

was categorized as either EPA III or GHS 2B is actually an EPA IV1603
or a GHS NI, it should be further tested in either the Cytosensor or1604
EpiOcular assays.1605

1606
1607
1608
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For materials not characterized as having oxidizing chemistry and not1609
suspected to be a severe irritant, either the Cytosensor or EpiOcular test is chosen.1610
Liquids and aqueous soluble materials can be tested with the Cytosensor. Granular,1611
non-aqueous soluble materials and liquid, aqueous soluble materials can be tested1612
in the EpiOcular assay. The choice, other than considering the water solubility1613
requirement of the Cytosensor, would be based solely on the experience of the user1614
with one method or the other. However, as discussed in Section 2.2.1, it is likely that1615
in a few years the Cytosensor assay may no longer be available since its1616
manufacturer is no longer supporting the instrument. At that time the EpiOcular1617
assay (or a similar three-dimensional tissue model) will be the only in vitro model1618
available to identify EPA Category IV materials – unless another assay is found in1619
the meantime that can be shown to reliably identify the extremely mild materials.1620

1621
Using cut-off values for either the Cytosensor or EpiOcular assays that are1622

described later in this submission, a decision can be made whether the material is a1623
Category IV, III, or I. Both of these tests were designed to evaluate mild materials1624
and although both can identify severe materials, they do not have the ability to1625
discriminate between Category I and Category II materials. If there is a desire to1626
differentiate between Category I and II materials the BCOP assay must be used.1627

1628
When conducting the Cytosensor assay the following conclusions from1629

Section 6 should be considered:1630
1631

1) Anti-microbial cleaning products having an oxidizing chemistry1632
should not be tested with the Cytosensor assay.1633

1634
2) Only fully water soluble anti-microbial cleaning products can be1635

tested with the Cytosensor assay.1636
1637

3) If the anti-microbial cleaning product has an MRD50 score of <21638
mg/ml, it is classified as EPA Category I or GHS Category 1.1639

1640
4) If the anti-microbial cleaning product has an MRD50 score of �21641

mg/ml, but < 80 mg/ml, it is classified as EPA Category III. If the anti-1642
microbial cleaning product has an MRD50 score of �2 mg/ml, but <101643
mg/ml, it is classified as GHS Category 2B.1644

1645
5) If the anti-microbial cleaning product has an MRD50 score of �801646

mg/ml, it is classified as EPA Category IV. If the anti-microbial1647
cleaning product has an MRD50 score of �10 mg/ml, it is classified1648
GHS Category NI.1649

1650
6) (Optional) To determine if an anti-microbial cleaning product which1651

was categorized as either EPA I or GHS 1 is actually an EPA II or a1652
GHS 2A, it should be further tested in the BCOP assay.1653
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1654
1655

When conducting the EpiOcular assay the following conclusions from Section1656
6 should be considered:1657

1658
1) Anti-microbial cleaning products having an oxidizing chemistry1659

should not be tested with the EpiOcular assay.1660
1661

2) Both water soluble and water insoluble anti-microbial cleaning1662
products can be tested with the EpiOcular assay.1663

1664
3) If the anti-microbial cleaning product has an ET50 score of <41665

minutes, it is classified as EPA Category I or GHS Category 1.1666
1667

4) If the anti-microbial cleaning product has an ET50 score of �41668
minutes, but <70 minutes, it is classified as EPA Category III or GHS1669
Category 2B.1670

1671
5) If the anti-microbial cleaning product has an ET50 score of �701672

minutes, it is classified as EPA Category IV or GHS Category NI.1673
1674

6) (Optional) To determine if an anti-microbial cleaning product which1675
was categorized as either EPA I or GHS 1 is actually an EPA II or a1676
GHS 2A, it should be further tested in the BCOP assay.1677

1678
The above strategy - which provides the option for using several different in vitro1679

methods – was devised because we found that no single in vitro test was able1680
adequately cover the entire range of irritation that is covered by the EPA labeling1681
categories I – IV. The BCOP is a more robust tissue and is able to differentiate the1682
more aggressive materials from each other, while the CM and EO are more1683
sensitive methods and thus better able to resolve differences between milder1684
materials. Note that if the original decision that the test material falls in the1685
severe range or in the mild range proves to be false when the material is1686
actually tested, the strategy still works; the testing may just take longer1687
because a second assay may have to be used. If a mild material is mistakenly1688
put into the BCOP it will be identified as a Category III (remember: the BCOP cannot1689
differentiate a IV from a III, and in such a case the more conservative category must1690
be given). To determine if this material is a IV, a second assay in Cytosensor or1691
EpiOcular would have to be conducted.1692

1693
Similarly if a severe material is tested in the EpiOcular or Cytosensor assays it1694

will be identified as a Category I. If it is necessary to find out if it’s actually a1695
Category II, it must be retested in the BCOP. The strategy is self-correcting so there1696
is no worry about initially choosing an incorrect test method using this approach.1697

1698
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2.2 Detailed description and rationale for each assay1699
1700

The methodologies utilized in the proposed in vitro strategy for toxicity1701
classification of anti-microbial cleaning products are the Cytosensor assay, the1702
EpiOcular assay, and the BCOP assay. The methodology used for each of these1703
assays is described below.1704

2.2.1 Overview of how the CM test method is conducted1705
1706

The CM uses a low volume flow-through chamber and a light-addressable1707
potentiometer to measure the metabolic rate of a cell population. Metabolic rate is1708
determined indirectly by the number of protons excreted into the low buffer medium1709
(change in pH) per unit time. The light-addressable potentiometer forms the bottom1710
of the flow-through chamber and serves as a very sensitive and stable pH meter.1711
While medium is flowing through the chamber, the pH is stable and governed by the1712
medium. When the flow of medium is stopped, the pH begins to drop in a linear1713
fashion over time. The actual change in pH during this measurement is generally1714
less than 0.2 pH units.1715

1716
Data contained in this BRD were generated with two different instruments.1717

One was the predecessor instrument to the current CM, the Silicon1718
Microphysiometer (SM). In the SM (Figure 2-1) target cells were grown on a glass1719
coverslip and the coverslip was inverted over the top of the sensor chip to form a1720
flow-through chamber (Figure 2-2). A minority of data was generated with the SM1721
protocol. The majority of the data in this BRD were generated with the Cytosensor.1722

1723
The positive control currently used for CM studies at IIVS is SLS (using a1724

stock concentration of 100 mg/mL in water). The current (as of 4/28/08) acceptable1725
MRD50 is 79.8 µg/mL± 11.3 µg/mL.1726

1727
To conduct the Cytosensor protocol as used for the majority of studies1728

reported in this BRD (see Annex A1), cells are grown on a Transwell membrane1729
(discussed below). The whole Transwell is placed into the sensor chamber and a1730
plunger (with a spacer) pressed down on the membrane to seal it. The sensor1731
chamber is composed of the light-addressable potentiometer sensor (sensor chip)1732
on the bottom and ports for the medium (inlet and outlet). There is a small medium-1733
filled space between the sensor chip and the bottom of the Transwell. The cells are1734
attached to the top of the membrane so that the acid metabolites must pass through1735
the membrane pores to reach the space in the lower part of the chamber. The1736
medium is passed over the cells on the upper side of the membrane. Figure 2-31737
shows the operating components of the instrument and Figure 2-4 shows the low1738
volume sensor chamber (Transwell configuration). Based on the comparison of data1739
generated in both the SM and CM, Procter & Gamble established a conversion1740
algorithm so that all results generated initially from the SM could be compared to the1741
results generated with the CM (details provided in section 2.2.1.1).1742

1743
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1744

1745
Figure 2-1 Diagram of the operating components of the silicon microphysiometer (Bruner,1746
Miller et al. 1991)1747

1748

1749
Figure 2-2 The original silicon microphysiometer sensor chamber with the coverslip in place1750
(Bruner, Miller et al. 1991)1751

1752
1753

1754
Figure 2-3 Diagram of the operating components of the Cytosensor (Cytosensor Manual)1755

1756
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1757
Figure 2-4 The Cytosensor chamber with the Transwell in place (Cytosensor Manual)1758

1759
Originally, the silicon microphysiometer (coverslip chamber) used a 15-1760

minute exposure, rinse, and read cycle. The cells were exposed to each1761
concentration in two phases. In the first phase, the diluted test article was pumped1762
(1.67 µL/sec) through the chamber for 120 seconds and then the flow halted for 2001763
seconds (total of 320 seconds of exposure). The chamber was then rinsed with1764
fresh medium at the same rate for 380 seconds. The flow was then stopped for 2001765
seconds while the acidification rate was measured. This exposure protocol was1766
used primarily on normal human epidermal keratinocytes (Bruner, Miller et al. 1991).1767
Most of the studies in this BRD used L929 cells as the test system. The exposure1768
protocol was altered so that the cells were exposed to the test article for a total of1769
500 seconds (300 seconds of flow and 200 seconds with the flow off), rinsed for 4001770
seconds, and the metabolic rate determined for 169 seconds. Flow was restarted1771
with medium before the next dose was introduced. Because the valves were turned1772
manually, the total cycle time was 1100 seconds.1773

1774
In contrast, the Cytosensor (both the commercial instrument and the silicon1775

microphysiometer with “Cytosensor-like” chambers used a 20-minute (1200-second)1776
exposure, rinse, and read cycle. This is still the current protocol. The cells are1777
exposed 810 seconds (100 µL per minute for one minute and 20 µL per minute for1778
12.5 minutes). The rinse cycle lasts for 6 minutes and the flow is 100 µL per minute.1779
Finally, the flow is stopped for 25 seconds and the change in pH is measured. For1780
the purposes of the BRD, this will be the standard Transwell protocol (for either the1781
converted silicon microphysiometer or the Cytosensor).1782

1783
The bulk of the available data come from the Transwell protocol using the1784

810-second exposure. The Transwell was introduced by Molecular Devices, Inc. to1785
allow more efficient introduction of the test system to the sensor chambers1786
(including non-adherent cells in a gelatin matrix). However, this change limited the1787
cell density and types of cells that could be used. The Transwells have 3 micron1788
pores that allow efficient communication between the upper surface of the1789
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membrane (with the cells) and the lower surface that faces the sensor itself.1790
Confluent cell layers would interfere with this communication and so the cell density1791
was reduced to a standard 6x105 cells per well (seeded the day before use). The1792
Transwell uses a polycarbonate filter membrane that is less prone to interaction with1793
test materials than other types of membranes but does not allow the human1794
keratinocytes to attach. Thus, the L929 cells were selected because they would1795
readily attach and were easy to grow in continuous culture. With the change to L9291796
cells, the SM exposure protocol was changed to 500 seconds. This is the protocol1797
that was used for most of the SM studies in this BRD. This is also the same protocol1798
that was used in the IIVS positive control database before a switch was made to the1799
CM.1800

2.2.1.1 Development of Conversion Algorithm between SM and CM1801

At the time that the SM was replaced with the CM by Molecular Devices, Inc.,1802
The Procter & Gamble Company sponsored a study to compare data obtained with1803
the SM (coverslip protocol) for a set of 11 surfactant-containing materials with data1804
obtained for the same materials with the CM (Transwell protocol). The studies were1805
carried out concurrently at a single laboratory (Microbiological Associates, Inc.). The1806
testing protocol utilized a preliminary trial followed by at least three definitive trials.1807
Data produced by the SM and CM are shown in Tables 2-2 & 2-3, respectively. It1808
can be seen that the overall mean CV for each of the two methods is very similar1809
(22.8% for the SM; 21.8% for the CM).1810

Following data collection from both instruments, the data were compared and1811
the following equation was derived to translate SM coverslip data to CM Transwell1812
data:1813

1814
Log10 (Cytosensor MRD50) = 0.135 + 0.7753 x Log10 (Silicon Microphysiometer MRD50).1815

1816
A graph depicting the relationship between the SM and CM is given in Figure1817

2-5. The current standard Cytosensor protocol is attached in Annex A1.1818
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Table 2-2 Silicon Microphysiometer data for 11 surfactant-containing materials from P&G1819
Substance Prelim* Trial 1 Trial 2 Trial 3 Trial 4 Mean MRD50

(mg/mL) SD CV (%)

#1 21.368 18.116 25.510 20.408 21.345 3.785 17.7
#2 + 0.083 0.085 0.082 0.083 0.001 1.7
#3 + 0.291 0.266 0.263 0.273 0.015 5.5
#4 + 0.247 0.153 0.435 0.298 0.283 0.117 41.5
#5 + 13.643 13.004 9.434 12.027 2.268 18.9
#6 + 0.042 0.027 0.026 0.032 0.009 28.2
#7 0.161 0.093 0.139 0.198 0.143 0.053 36.8
#8 0.714 2.020 1.239 1.595 1.618 0.391 24.2
#9 0.094 0.043 0.032 0.039 0.038 0.006 14.7
#10 0.020 0.045 0.038 0.026 0.036 0.010 26.9
#11 + 0.081 0.094 0.152 0.109 0.038 34.5
Mean 22.8
Median 24.2

* Not included in the mean calculation1820
+ Value not determined during assay1821

1822
Table 2-3 Cytosensor Microphysiometer data for 11 surfactant-containing materials from P&G1823

Substance Prelim* Trial 1 Trial 2 Trial 3 Trial 4 Mean MRD50
(mg/mL) SD CV (%)

#1 90.909 56.497 48.544 62.500 55.847 7.001 12.5
#2 0.223 0.254 0.424 0.283 0.320 0.091 28.4
#3 0.758 0.794 0.552 0.820 0.722 0.147 20.4
#4 0.452 0.442 0.412 0.431 0.428 0.016 3.7
#5 19.120 9.091 11.429 5.319 8.613 3.083 35.8
#6 0.067 0.074 0.052 0.075 0.067 0.013 19.2
#7 0.251 0.177 0.288 0.267 0.244 0.059 24.3
#8 2.288 2.110 2.016 2.457 2.194 0.232 10.6
#9 3.497 1.475 4.367 3.802 3.215 1.533 47.7
#10 0.282 + 0.139 0.151 0.165 0.152 0.013 8.5
#11 0.251 0.268 0.159 0.281 0.236 0.067 28.4
Mean 21.8
Median 20.4

* Not included in the mean calculation1824
+ Value not determined during assay1825
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1826
1827
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1828
Figure 2-5 A comparison of data obtained from 11 surfactant-containing products with SM and1829
CM.1830

1831
A more complete description of the Cytosensor is given in a Background1832

Review Document recently prepared under contract to ECVAM. Because this BRD1833
is still in the review process it could not be directly appended to this document, but it1834
is quoted from extensively in this BRD. It will be referred to repeatedly in this1835
submission where more detail is required.1836

1837

2.2.2 Overview of how the EpiOcular test method is conducted1838

2.2.2.1 Preparation of the EpiOcular tissue (Description provided by the1839
manufacturer, MatTek Corporation, Ashland, MA)1840

1841
The EpiOcular model is prepared using proprietary manufacturing1842

techniques in which normal human neonatal foreskin keratinocytes, derived from a1843
single donor, are grown under standardized conditions to produce a highly uniform,1844
reproducible cornea-like tissue. The keratinocytes are expanded in monolayer1845
culture and harvested using trypsinization according to standard techniques1846
described in literature available from Cascade Biologics, Inc. (Portland, OR), the1847
commercial vendor from which the keratinocytes are currently obtained. Single cell1848
suspensions of keratinocytes are aliquoted into 10-mm ID Millicell® PCF cell1849
culture inserts (Millipore Corporation, Bedford, MA); polycarbonate NuncTM cell1850
culture inserts (Nalge Nunc International, Rochester, NY) also serve as suitable1851
substrates. The inserts are placed in a 37ºC, 5% CO2 incubator and cultured at1852
the air liquid interface, i.e., only the basal side of the cell culture inserts is exposed1853
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to the medium (see Figure 2-6). The culture medium is Dulbecco’s Modified1854
Eagle’s Medium (DMEM) to which a proprietary mixture of nutrients, growth1855
factors, and hormones has been added; all media are serum free. After1856
approximately one week of culture, the cell culture inserts containing the stratified1857
tissue are placed atop DMEM-enriched agarose gel in a 24-well tissue culture1858
plate. This 24-well plate is hermetically sealed (“packaged”) and shipped for1859
commercial sale or stored at 4�C for 24-72 hours prior to its use for testing. For1860
commercial purposes, these packaged tissues are shipped every Monday on wet1861
ice (c.a. 4ºC) via overnight express delivery.1862

1863
1864

Figure 2-6 Diagrammatic representation of EpiOcular tissue growing in a milliicell chamber1865
placed within a well of a 24-well plate. A photomicrograph of a cross section through the1866
tissue and underlying membrane is included.1867

2.2.2.2 Test methodology1868
1869

The protocol used for the majority of EO studies in this BRD can be found in1870
Annex A3. On arrival at the laboratory, EpiOcular tissues are examined for obvious1871
defects and may be rejected based on blistering, excess fluid on the tissue1872
(evidence of an incomplete barrier), air bubbles below the tissue insert, etc. Tissues1873
can be used within 48 hours of receipt. Prior to test article dosing, tissues are1874
transferred (using sterile technique) to 6-well plates that contain fresh assay1875
medium. The tissues are incubated at standard conditions (5% CO2, 37°C, 95%1876
humidity) for at least 1 hour before use.1877

1878
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EpiOcular tissues which are not used immediately should be equilibrated by1879
placement into a 5% CO2 environment and stored at 4°C. Experience indicates that1880
repeated equilibration at 5% CO2, 37°C, 95% humidity (i.e., tissue culture incubator)1881
can produce variability in tissue performance. Prior to dosing with test materials or1882
controls, the tissues are re-fed with fresh, prewarmed assay medium and generally1883
dosed within 30 minutes of refeeding.1884

1885
The positive control currently used for EO studies at IIVS is 0.3% TRITON®1886

X-100 in water. The current (as of 4/28/08) acceptable ET50 is 27.3 min ± 5.0 min..1887
1888

Dosing of aqueous or semi-viscous test materials is performed with a positive1889
displacement pipette. Solid materials are “sprinkled” onto the surface of the tissue. A1890
dosing device (e.g., the flat end of a sterile push pin) can be used to ensure that the1891
test material covers the complete tissue surface. After application of the test1892
material, the tissues are incubated at standard conditions for various amounts of1893
time estimated to cover the time at which the test material causes 50% toxicity to1894
the tissues. Exposure times generally range from 1 minute to 24 hours. Figure 2-71895
presents diagrammatically the procedures used in the EpiOcular assay.1896

1897
At the end of the incubation period the tissues are removed from the1898

incubator, and the test material is removed from the tissue surface using phosphate1899
buffered saline (PBS). The PBS is sprayed against the Millicell® wall to create a1900
gentle vortex which aids in test material removal. The tissues are then “soaked” in1901
medium at room temperature to ensure a more complete removal of any remaining1902
test material. Following the soak process, the tissues are rinsed again with PBS1903
prior to the MTT reduction step. Complete test material removal is necessary to1904
prevent prolonged exposure and an erroneous estimate of toxicity. Individual tissues1905
are placed into wells containing unreduced 3-(4,5-dimethylthiazol-2-yl)-2,5-1906
diphenyltetrazolium bromide (MTT) solution. The tissues are incubated at standard1907
conditions for 3 hours. Viable tissue reduces the colorless MTT solution to a dark1908
blue or purple color.1909

1910
Following exposure to MTT, the tissues are removed and placed into1911

isopropanol for 2 hours at room temperature to extract the reduced MTT. Extracted1912
MTT is thoroughly mixed and transferred to a 96-well plate. The amount of1913
MTT/ethanol in each well is then quantified using a microplate reader. Raw OD5501914
values are used to calculate the final ET50 values which are reported in minutes.1915

1916
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1917
Figure 2-7 Diagrammatic representation of the testing procedure using EpiOcular tissue.1918
Incubation is carried out at 37°C, and test material is thoroughly removed before the addition1919
of MTT.1920

1921
One technical detail of the assay that can cause serious underestimation of1922

toxicity, and therefore must be carefully controlled, is the possible reduction of MTT1923
by a test material which itself has reducing properties (Liebsch, Traue et al. 2000). If1924
a test material has reducing properties and it binds to the tissue or underlying1925
membrane such that it is not removed during the washing step, then it may reduce1926
the MTT solution resulting in a masking of toxicity to the EpiOcular tissue. This1927
would result in an underprediction of the toxicity category for the test material. This1928
situation can be addressed by screening all test materials for the presence of1929
reducing activity by incubating them directly in MTT solution. If they have reducing1930
properties they will turn the solution purple (see top middle photograph in Figure 2-1931
8). If direct reduction is observed, its actual effect on the assay can be determined1932
by conducting a sham exposure on EpiOcular tissue that has been freeze–killed. If1933
no MTT reduction is seen, then no test material remained on the tissue or1934
membrane after the wash step and the reducing properties of the test material are1935
not of a concern. However, if reduction has occurred the amount can be calculated1936
and that value can be subtracted from the MTT reduction at the identical time point1937
in the full assay so that the true viability of the tissue can be determined.1938

1939
Other aspects of the assay that can be visualized are shown in Figure 2-8.1940

For example, the photograph in the top left illustrates the results of testing a material1941
with hydroscopic properties. Almost all the medium has been absorbed by the test1942
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material likely causing toxicity to the EpiOcular tissue which might not occur in an in1943
vivo situation. Similarly artifactual results can occur unless the presence of air1944
bubbles under the membrane is carefully monitored (Figure 2-8 top right1945
photograph). Large air bubbles can significantly block the passage of MTT into the1946
tissue.1947

1948
The lower row of photographs in Figure 2-8 demonstrate that the viability of1949

the tissue can be visualized at the conclusion of the MTT exposure step, and1950
therefore these recorded observations of toxicity can be compared to subsequent1951
viability values calculated from the absorbance values.1952

1953

1954
Figure 2-8 Photographs of various aspects of the EpiOcular assay.1955

1956
A more complete description of the EpiOcular assay is given in a Background1957

Review Document recently prepared for submission to ECVAM. Although the1958
EpiOcular BRD focuses on a prediction model different from that proposed in this1959
BRD, the treatment protocol is essentially identical, with the exception that the1960
ECVAM BRD protocol uses a dilution of the test article before application. The1961
ECVAM BRD will be referred to repeatedly in this submission where more detail is1962
required.1963

1964

2.2.3 Overview of how the BCOP test method is conducted1965
1966

The overview of the BCOP test method procedures given below is taken1967
directly from the NICEATM BRD “Current Status of In vitro Test Methods for1968
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Identifying Ocular Corrosives and Severe Irritants: Bovine Corneal Opacity and1969
Permeability Test Method.”1970

1971
“The basic procedures used to assess the effects of a test substance on an1972

isolated bovine cornea were first reported by Gautheron et al. (1992). As described1973
by Sina and Gautheron (1994, 1998), the BCOP assay uses isolated corneas from1974
the eyes of freshly slaughtered cattle. Corneas free of defects are dissected with a 21975
to 3 mm rim of sclera remaining to assist in subsequent handling, with care taken to1976
avoid damage to the corneal epithelium and endothelium. Isolated corneas are1977
mounted in specially designed corneal holders that consist of anterior and posterior1978
compartments, which interface with the epithelial and endothelial sides of the1979
cornea, respectively (Figure 2-9 – upper left). Both chambers are filled with medium1980
and the device is then incubated at 32 ± 1°C for one hour to allow the corneas to1981
equilibrate with the medium and to resume normal metabolic activity. Following the1982
equilibration period, fresh medium is added to both chambers, and a baseline1983
opacity measurement is performed. Corneal opacity is measured quantitatively as1984
the amount of light transmission through the cornea (Figure 2-9 – upper right).1985

1986

1987
1988

Figure 2-9 Photographs of various procedures occurring in the BCOP protocol. Upper left –1989
Placing an excised cornea on the corneal holder. Upper right – Using the opacitometer to1990
measure the opacity of a bovine cornea contained in a corneal holder. Bottom left – Visual1991
comparison of the transparency of an untreated cornea on the left and a cornea treated with1992
an irritating material on the right. Lower right – removing fluorescein solution from the1993
posterior chamber prior to measuring its optical density in a spectrophotometer.1994

1995
Two treatment protocols are used, one for liquids and surfactants, and one1996

for solids. The protocol used by IIVS for the majority of the studies in this BRD is1997
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given in Annex A4. Test substances are applied to the epithelial surface of the1998
cornea by addition to the anterior chamber of the corneal holder.1999

2000
The positive controls currently used for BCOP studies at IIVS are ethanol2001

(neat) for the liquids protocol, and imidazole (200 mg/mL in complete MEM without2002
phenol red) for the solids protocol. The current (as of 4/28/08) acceptable In Vitro2003
Scores are 51.9 ± 6.2 for ethanol and 100.0 ± 15.9 for imidazole..2004

2005
Liquids are tested undiluted; pure surfactants are generally tested at a2006

concentration of 10% in saline or deionized water. Corneas are incubated2007
horizontally for 10 ± 1 minutes at 32 ± 1 °C. The test substance is removed from the2008
anterior compartment and the epithelial surface is washed at least three times. After2009
refilling both chambers with fresh medium, a second opacity measurement is taken2010
and the corneas are incubated again at 32 ± 1 °C for two hours prior to taking a final2011
opacity measurement.2012

2013
Solids are tested as solutions or suspensions at 20% concentration in saline2014

or deionized water. Corneas are incubated horizontally for four hours at 32 ± 1°C.2015
The test substance is removed from the compartment and the epithelial surface is2016
washed at least three times with medium or until the corneal surface is free of visible2017
particles. Fresh medium is added to both chambers and an opacity measurement is2018
taken without further incubation.2019

2020
Immediately after completing the final opacity measurements, corneal2021

permeability is determined quantitatively by evaluating changes in the barrier2022
properties of the epithelium to sodium fluorescein. To the anterior compartment of2023
the corneal holder, 1 mL of sodium fluorescein (0.4% for liquids and surfactants,2024
0.5% for solids) is added. The corneas are incubated horizontally for 90 minutes at2025
32 ± 1°C. The amount of dye that penetrates the cornea is determined by measuring2026
the OD of the medium in the posterior chamber (Figure 2-9 – lower right) with a2027
microplate reader or UV/VIS spectrophotometer set at 490 nm.2028

2029
A mean corrected opacity value (± standard deviation [SD]) and a mean2030

corrected permeability value (OD units ± SD) are calculated for each treatment2031
group. Most BCOP studies calculate an In vitro Score for irritancy that combines2032
both values using the following empirically derived formula (Sina, Galer et al. 1995):2033
In vitro Score = opacity value + 15 x OD490 value.2034

2035
Generally, a substance producing an In Vitro Score from 0 to 25 is2036

considered a mild irritant, from 25.1 to 75 (to 55 in early studies with pharmaceutical2037
intermediates) a moderate irritant, and from 75.1 and above a severe irritant. A few2038
laboratories do not calculate an In Vitro Score, but evaluate the opacity and2039
permeability values independently. Also, some companies, such as S.C. Johnson &2040
Son, Inc., do not use the classification system described above to assign an ocular2041
irritancy classification, but instead compare BCOP data for newly tested substances2042
to benchmark materials, relying on a system of comparative toxicity instead of cutoff2043
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scores (Cuellar N and Swanson J, personal communication). In some cases, S.C.2044
Johnson could also use a combination of classification scheme, control scores,2045
histology, and knowledge about the chemistry of the formula to evaluate the test2046
substance appropriately (Cuellar, N, personal communication).2047

2048
These procedures were initially developed to assess the ocular irritation2049

potential of pharmaceutical manufacturing intermediates and raw materials2050
(Gautheron, Giroux et al. 1994; Sina 1994). However, as the BCOP test method2051
gained more widespread use, the protocol has been modified by different2052
investigators interested in using the assay to evaluate the ocular irritancy potential2053
of other types of materials, including surfactant-based personal care cleaning2054
formulations (Gettings, Lordo et al. 1996), home care products (Casterton, Potts et2055
al. 1996), alkaline liquid laundry detergents (Cater, Nusair et al. 2002),2056
oxidizing/reactive cleaning products (Swanson, White et al. 2003) and2057
petrochemical products (Bailey, Freeman et al. 2004). As a result of the different2058
testing needs of different investigators, additional endpoints have been used, such2059
as assessment of corneal hydration (Ubels 1998; Cooper, Earl et al. 2001; Jones,2060
Budynsky et al. 2001), and histological assessment of morphological alterations in2061
the cornea (Curren, Evans et al. 2000; Swanson and Harbell 2000; Cater, Raabe et2062
al. 2001; Cooper, Earl et al. 2001; Jones, Budynsky et al. 2001; Burdick, Merrill et2063
al. 2002).2064

2065
If a histological evaluation of the cornea is performed, the cornea is fixed in2066

an appropriate fixative (e.g., 10% neutral buffered formalin) after completing the2067
corneal permeability steps of the assay. The cornea is fixed at room temperature for2068
at least 24 hours before processing. After embedding the corneas, they are2069
sectioned and stained with an appropriate stain such as hematoxylin and eosin.2070
Corneal sections are examined for lesions in the epithelium, stroma, and2071
endothelium. Sections from treated corneas are compared to those from concurrent2072
negative and positive control corneas (Evans 1998; Curren, Evans et al. 2000)).2073
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2074
Scoring of Lesions in the Cornea

� Scoring is based on the work of Maurer
and Jester who showed that depth of
injury was predictive of the degree and
duration of the injury

� It focuses on the degree and depth of
injury

o Broken down by the cells in each
of the three tissue layers

� The treated corneas are always
compared with the concurrent control
tissues to account for pre-existing
conditions and differences in tissue
preparation.

� The degree of damage observed often
parallels the opacity and/or permeability
scores but not always. Certain
chemical/product classes require
histology.

Figure 2-10 Histological evaluation of corneas2075
2076

Other common modifications to the basic BCOP protocol include use of2077
variable test substance exposure times and post-exposure periods that are specific2078
to certain types of substances or products. For example, shorter exposure times are2079
sometimes used for volatile organic solvents (Harbell J, personal communication;2080
(Cuellar, Lloyd et al. 2003; Cuellar, Lloyd et al. 2004), longer exposure times are2081
used for diluted materials or for increased sensitivity in the mild range of irritancy2082
(Gettings, Lordo et al. 1996; Bruner, Carr et al. 1998; Cater, Nusair et al. 2002;2083
Cater, Mun et al. 2003), and longer post-exposure expression periods are2084
sometimes used to test substances with a potentially delayed onset of irritancy2085
(Rees, Swanson et al. 2001; Cuellar, Lloyd et al. 2003; Gran, Swanson et al. 2003;2086
Cuellar, Lloyd et al. 2004).”2087

2088
A more complete description of the BCOP assay is given in a Background2089

Review Document prepared by NICEATM and amended by a Peer Review Panel.2090
The BRD is attached as an annex to this submission and will be referred to2091
repeatedly in this submission where more detail is required.2092
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2.3 Use of histology in conjunction with the BCOP assay2093
2094

Histological evaluation of bovine corneas has been conducted at IIVS for2095
approximately 8 years. During this time we have developed standard practice for the2096
evaluations which have been consolidated into a guidebook (Annex G). The2097
guidebook describes the process of evaluation and also contains a set of2098
photomicrographs illustrating the various lesions that are found in treated corneas.2099
This guidebook can be found in Annex G. A recent meeting (June 2008) of experts2100
in ocular histopathology examined this document and will continue to work together2101
to create a final consensus guidebook for the field. Figure 2-11 gives examples of2102
epithelial damage, upper stroma damage, and lower stroma/endothelial damage.2103

2104

(a) Epithelial damage with squamous layer
coagulation and cytoplasmic and nuclear

vacuolization in the wing and basal layers (20X).

(b) Severe collagen matrix vacuolization of the
upper stroma. Note also the destruction of the

upper keratocytes.

(c) Damage to the endothelial cell
layer, cytoplasmic, and deep stromal

collagen matrix vacuolization (severe).

Figure 2-11 Corneal damage after exposure to test article in the BCOP assay.2105
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3 Substances Used For Validation of the Proposed Testing2106
Approach2107

3.1 Rationale for the products selected, including rationale for2108
solicitation of additional test materials to fill in gaps2109

2110
The goal of this BRD is to present evidence that an in vitro testing strategy2111

can provide for adequate protective labeling of a well-defined product category –2112
anti-microbial cleaning products. Therefore, only this class of products (or products2113
which have similar formulations) were used to determine the relationship between2114
the results of the in vitro tests and the results from historical in vivo testing (Draize2115
or LVET eye irritation test), i.e., the relevance of the test. To do this, the2116
manufacturers who participated in this program chose to submit data on products for2117
which in vitro and in vivo data existed and in many cases also for products for which2118
in vitro data only was available.2119

2120
When considering the reproducibility of the assays; however, it seemed2121

reasonable to utilize as much information as was available even though this2122
information was derived from a wide range of products and ingredients. Thus, we2123
incorporated reproducibility information for the three individual assays that was2124
available in previously written BRD’s even though some of these data were derived2125
from products which did not fall into the anti-microbial cleaning product category.2126

3.2 Rationale for dividing substances into “buckets”2127
2128

Anti-microbial cleaning products can be formulated with various types of2129
chemistries. Some products – generally containing solvents or surfactants - clean by2130
causing physical changes to the soil which allows the soil to be more easily2131
removed from the surface. Other products clean by causing chemical changes to2132
the soil. This can be accomplished by using strongly alkaline or acidic formulations,2133
or by using extremely reactive formulations containing such ingredients as bleach,2134
peroxides, or percarbonates.2135

2136
Because there very likely could be different modes of action whereby these2137

products could cause eye irritation, we thought it prudent at the beginning of the2138
study to classify each anti-microbial cleaning product into one (or more) of five2139
subcategories – solvents, oxidizers, acids, bases, or surfactants – depending on the2140
specific formulation. In many cases a product might also be assigned to a second or2141
third subcategory if more than one mode of action was suspected. We thought it2142
possible that certain types of products might have to be handled differently as they2143
progressed through an in vitro testing strategy.2144

2145
The following chemical descriptors were used to characterize the different2146

types of chemically-induced mechanisms associated with ocular irritation. These2147
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were chosen based on existing information about the mechanisms of ocular irritation2148
and the common types of formulation chemistries used in commercial and2149
household cleaning products. The primary (and additional) categories were2150
assigned by the company toxicologist(s) whose product was being evaluated in this2151
program.2152

2153
� Surfactants (SU) (e.g., cationic, anionic, and nonionic with limited acid or2154

alkaline activity)2155
� Acids (AC) (e.g., with pH <4, especially where reserve acidity would2156

contribute to the irritation potential)2157
� Alkaline (AL) products (bases) (e.g., with pH >9, especially where reserve2158

alkalinity would contribute to the irritation potential)2159
� Solvents (SO) (where organic solvents are expected to contribute to the2160

irritancy potential (e.g., alcohols, glycol ethers, etc.))2161
� Oxidizers (RC; Reactive chemistry) (formulations containing specific reactive2162

chemicals, e.g., hypochlorite, peroxide, percarbonate, oxygen bleaches, etc.)2163
2164

As the results of our in vitro/in vivo comparisons became available we2165
planned to look at each subcategory of cleaning products separately to see if they2166
were possibly responsible for a greater number of overpredictions or2167
underpredictions than the other subcategories. If not, then there would be no reason2168
to treat individual subcategories in a special way, and all of anti-microbial cleaning2169
products could progress through exactly the same in vitro testing scheme.2170

2171
At the end of the study we concluded that only two types of chemical2172

formulations should be assigned a special testing program. We recommend that2173
Oxidizers, because they were often overpredicted by the CM and EO assays,2174
should be tested only with the BCOP assay. We also recommend that formulations2175
with “high solvent” concentrations (>5%) – if they are tested in the BCOP assay –2176
should be tested with a three minute exposure time rather than the normal ten2177
minute exposure time.2178

3.3 Rationale for number of substances included in the study2179
2180

The number of substances included in this study was determined only by the2181
number of formulations for which paired in vivo and in vitro data existed. After2182
evaluating these data and constructing preliminary prediction models, we tested the2183
prediction models by in vitro testing of either existing products or product2184
reformulations which had previously been tested in vivo but not in vitro. There was2185
no statistical basis for the number of substances; the number was only limited by2186
availability of previously animal tested products which were relevant for this2187
initiative. No new animal testing was done for the purposes of this project.2188
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3.4 Chemicals or products evaluated2189
2190

The anti-microbial cleaning products were broken down into six2191
subcategories depending on the composition of their formulation: solvents,2192
oxidizers, surfactants, acids, bases, or other. Table 3-1 gives the distribution of2193
each subcategory of chemicals based on the in vitro assay system.2194

2195
Table 3-1 Descriptive subcategory of products tested in the individual assays. Final graphs2196
may contain fewer materials as final applicability domains were determined.2197

Paired In vitro & In vivo Data Sets
Number of substances tested per assaySubcategory of

cleaning products Cytosensor EpiOcular BCOP Total
Solvents 18 10 12 39
Oxidizers 0 13 16 33
Surfactants 82 17 18 114
Acids 1 2 7 10
Bases 4 11 14 29
Other - 2 1 3
Total 105 55 68 228

3.5 Coding procedures2198
2199

The individual manufacturers who participated in this study stated that the in2200
vivo testing was generally done by providing the testing laboratory a product coded2201
by a system that they had developed in house. Often these products were2202
accompanied by an MSDS that would have described in general terms their2203
chemical composition.2204

2205
The same type of coding was used for materials that had undergone in vitro2206

testing before the start of this project. Products which underwent in vitro testing in2207
the course of this project were coded by the manufacturer before shipping to IIVS.2208
The materials were accompanied with MSDS’s contained in sealed envelopes. In2209
case of emergency the envelopes could be opened to obtain safety information. In2210
all cases, the envelopes were not opened and the products decoded until after the2211
in vitro testing. In the case of the BCOP assay, some products were decoded after2212
the primary assay, but the identity of the materials was withheld from the individuals2213
responsible for histopathological evaluation of the samples until after the evaluations2214
were completed.2215
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4 In vivo Reference data used for the assessment of2216
accuracy2217

4.1 Protocols used to generate the in vivo data2218

4.1.1 Draize rabbit eye irritation protocol2219
2220

The test method currently utilized for the majority of eye irritation tests2221
conducted today, and also for the majority of in vivo eye irritation data presented in2222
this BRD, is the Draize rabbit eye test. A good description of the Draize test is2223
presented in the NICEATM BRD for the BCOP assay and is quoted directly below:2224

2225
“The methodology, originally described by Draize et al. (1944), involves2226
instillation of 0.1 mL of the test substance (e.g., liquids, solutions, and2227
ointments) into the conjunctival sac of an albino rabbit eye. In this test2228
method, one eye is treated while the other eye serves as the untreated2229
control. The eye is examined at selected time intervals after exposure2230
and any injuries to the cornea, conjunctiva, and the iris are scored.2231
Scoring is subjective and based on a discrete, arbitrary scale2232
(reference omitted) for grading the severity of ocular lesions. The2233
scores for the observed ocular injuries range from 1 to 2 for iris effects,2234
from 1 to 3 for conjunctival redness and discharge, and from 1 to 4 for2235
corneal effects and conjunctival chemosis. A score of zero is assigned2236
when the eye is normal and no adverse effects are observed. In the2237
original protocol, the eyes were observed up to 4 days after application2238
of the test substance. However, in current practice these time points2239
vary according to the degree of irritation, the clearing time, and testing2240
requirements imposed by the various regulatory agencies.2241

The original Draize protocol describes a scoring system in which each2242
ocular parameter is graded on a continuous numerical scale. The2243
scores may be weighted (see Table 4-1); however, most classification2244
systems today do not use a weighting factor. The weighting of the score2245
by Draize et al. (1944) is biased more heavily for corneal injury, since2246
injury to the cornea has the greatest probability of producing irreparable2247
eye damage. To illustrate, each ocular parameter shown in (Table 4-1)2248
is evaluated for each rabbit. The product of the opacity and area scores2249
is obtained, then multiplied by a weighting factor of 5; the maximum2250
corneal score is 80. The iris score is multiplied by a weighting factor of2251
5; the maximum score is 10. The scores for the three conjunctival2252
parameters are added together and then the total is multiplied by a2253
weighting factor of 2; the maximum score is 20. The overall score for2254
each rabbit is calculated by adding the values for each parameter; the2255
maximum total score is 110.”2256

2257
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Table 4-1 Scale of weighted scores for grading the severity of ocular lesions (Draize, Woodard2258
et al. 1944).2259

2260

I. Cornea
A. Opacity-Degree of density (area which is most dense is taken for reading)

Scattered or diffuse area-details of iris clearly visible 1
Easily discernible translucent areas, details of iris slightly obscured 2
Opalescent areas, no details of iris visible, size of pupil barely discernible 3
Opaque, iris invisible 4

B. Area of cornea involved
One quarter (or less), but not zero 1
Greater than one qu arter, but less than one -half 2
Greater than one-half, but less than three quarters 3
Greater than three quarters up to whole area 4

Score equals A x B x 5 Total maximum = 80

II. Iris
A. Values

Folds above normal, congestion, swelling, circumcorneal injection (any one or
all of these or combination of any thereof), iris still reacting to light (sluggish
reaction is positive)

1

No reaction to light, hemorrhage; gross destruction (any one or all of these) 2
Score equals A x 5 Total possible maximum = 10

III. Conjunctiva
A. Redness (refers to palpebral conjunctiva only)

Vessels definitely injected above normal 1
More diffuse, deeper crimson red, individual vessels not easily discernible 2
Diffuse beefy red 3

B. Chemosis
Any swelling above normal (includes nictitating membrane) 1
Obvious swelling with partial eversion of the lids 2
Swelling with lids about half closed 3
Swelling with lids about half closed to completely closed 4

C. Discharge
Any amount differ ent from normal (does not include small amount observed in
inner canthus of normal animals) 1

Discharge with moistening of the lids and hairs just adjacent to the lids 2
Discharge with moistening of the lids and considerable area around the eye 3

Score equals (A + B + C) x 2 Total maximum = 20

Although the above paragraph refers to the calculation of a numerical score to2261
characterize eye irritation potential, the approach taken in this BRD is to translate2262
individual tissue scores observed into toxicity categories, e.g., the EPA toxicity2263
categories or the GHS categories, which are described later (Sections 4.3 and 4.4).2264

A more detailed description of the Draize eye irritation method for observing2265
and scoring tissue lesions, test guidelines for various international regulatory2266
agencies, and other details of the test are given in the NICEATM BRD on the BCOP2267
assay. In some cases a modified Draize procedure which utilized a 30 µl dose of2268
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test material to the conjunctival sac was used (See section 4.2 Original reference2269
data).2270

2271
Despite the common use of the Draize eye irritation test it is not without its2272

serious detractors (Daston and Freeberg 1991; Prinsen 2006).2273

4.1.2 LVET rabbit eye irritation protocol2274
2275

The traditional Draize methodology described above has often been criticized2276
for being very overpredictive of human response (Walker 1985). For example, 1) the2277
amount of material (100 µL) dosed into the eye is more than the human eye, or even2278
the rabbit eye can retain, 2) dosing in the conjunctival sac of the rabbit allows for2279
much greater exposure to the test material than would the typical accidental2280
exposure scenario to the human eye which would be a splash to the surface of the2281
cornea, and 3) direct comparison of the human and rabbit ocular response to2282
several types of cleaning products (Freeberg, Nixon et al. 1986; Roggeband, York et2283
al. 2000) indicates that the rabbit response with the Draize protocol is much greater2284
than that seen in the human.2285

2286
In response to these concerns, a modification of the Draize eye irritation test2287

– the Low Volume Eye Test (LVET) (Griffith, Nixon et al. 1980) – was developed2288
and has been well characterized over a number of years. The essential difference is2289
in dosing of the animals. In the LVET, a 10 µl dose is placed in the center of the2290
cornea, in contrast to the traditional Draize methodology in which 100 µL is placed2291
into the conjunctival sac. The LVET dosing regimen was to more closely model2292
expected human exposure with a volume small enough that it could be retained in2293
the eye. Scoring of the LVET is conducted identically to that of the Draize test2294
according to the scale presented in Table 4.1.2295

The approach taken in this BRD is to translate the individual tissue scores2296
observed into toxicity categories, e.g., the EPA toxicity categories or the GHS2297
categories, which are described later (Sections 4.3 and 4.4).2298

4.1.3 Comparison of Draize and LVET2299
2300

It has been well reported that results obtained with the Draize eye irritation2301
protocol (Draize, Woodard et al. 1944) do not reflect the eye irritation toxicity for2302
humans. This was shown by the early work of Beckley (Beckley 1965; Beckley2303
1969). The rabbit Draize test grossly overpredicted the effects that you would see in2304
the human eye (Lambert, Chambers et al. 1993).2305

2306
The dose volume is one of the most influential factors that contribute to2307

overprediction of the human response to detergent and cleaning products by the2308
rabbit Draize test. The volume that is instilled into the lower conjunctival sac is2309
100µL, which exceeds the volume capacity of the rabbit eye lower conjunctival sac2310
that can maximally hold ~80µL without blinking (Swanston 1985). The blink reflex is2311
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also an important point. In the human, the spontaneous blink rate is about 12-20 per2312
minute (Bell, Emslie-Smith et al. 1976; Karson, Berman et al. 1981) and serves to2313
refresh the tear film at each blink. This is much more frequent than the spontaneous2314
blink rate of about 3 blinks per hour in the rabbit (Mann and Pullinger 1942). Besides2315
this spontaneous blinking, there is forced blinking in man in response to threat or2316
injury. The blink reflex is a natural and involuntary response to a foreign material2317
contacting the surface of the eye. Since the blink reflex is poorly developed in2318
rabbits and highly developed in man, it is reasonable to take the blink reflex into2319
account when considering the volume of a material that can contact the human eye.2320
A volume of 100µL is approximately 10 times the normal volume of liquid (~10µL)2321
residing in the human eye after blinking (Ehlers 1976; Swanston 1985). Equally2322
important is that a volume of 100µL greatly exceeds (>10 times) the volume that2323
directly covers the eye, i.e., the tear volume of both the rabbit and the human eye (~2324
7µL) (Mishima, Gasset et al. 1966; Chrai, Patton et al. 1973). Taking into account2325
the anatomical facts, it is clear that the 10µL volume is more than the volume that2326
can be in direct contact with either the rabbit or the human eye, i.e., more than the2327
tear volume.2328

2329
The rabbit low volume eye test (LVET) addressed issues associated with the2330

gross over-dosing and the animal welfare concerns of the Draize method (Griffith,2331
Nixon et al. 1980). Correlation of recovery in the LVET with recovery in human2332
accidents (Freeberg, Griffith et al. 1984; Freeberg, Hooker et al. 1986), and2333
controlled comparative studies with 100�L and 10�L of detergent based products2334
(Freeberg, Nixon et al. 1986), have shown that the LVET method is a better2335
predictor than the Draize test, yet the LVET still overpredicts the human recovery2336
time. Tables 4-2 and 4-3 summerize the results of the Freeberg et al. 1986 study2337
where both rabbits and human volunteers (who were fully informed and participated2338
in an Institutional Human Subjects Review Board-approved study) were exposed to2339
identical concentrations of four representative household cleaning products. Table2340
4-2 shows that days-to-clear in the human were better predicted by the rabbit LVET2341
assay than by the rabbit Draize assay, although the rabbit LVET assay still2342
overpredicted the effects of both the human 100 �L or 10�L exposure. Table 4-32343
extends this finding to the traditional Draize scoring scale. Again it can be seen that2344
the rabbit LVET protocol predicts the human eye score better than the rabbit Draize2345
protocol and that the rabbit LVET protocol still overpredicts the effects of both the2346
human 100 �L and 10 �L exposure. Another example comes from Ghassemi et al.2347
1993 who compared the response of humans and rabbits to a liquid household2348
cleaner (Table 4-4). By enumerating the number of eyes affected at the corneal,2349
conjunctival or iridial level (or days-to-clear), it was again found that the rabbit LVET2350
protocol overestimated the human reponse for all parameters with the exception of2351
conjunctival involvement where it was equivalent.2352

2353
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Table 4-2 Mean time to clear after direct instillation of household cleaning products to both2354
rabbits and humans. Compiled from Freeberg et al. 1986.2355

Draize Protocol LVET ProtocolProduct Rabbit Human Rabbit Human
Liquid fabric softener (100%) 3.5 days 12.5 hours 1.1 days 13.2 hours
Liquid shampoo (20%) 2.6 days 7.9 hours 1.4 days 7.5 hours
Liquid hand soap (10%) 2.7 days 9.1 hours 1.8 days 10.5 hours
Liquid laundry detergent (4%) 3.1 days 19.8 hours 1.7 days 4.8 hours

2356
2357

Table 4-3 Rabbit and human eye responses after exposure to either 100 µL (Draize protocol)2358
or 10 µL (LVET protocol). All scoring done by the traditional Draize scoring scale. Compiled2359
from Freeberg et al. (1986)2360

Draize Protocol LVET ProtocolReading time
(hours) Mean rabbit

score
Mean human

score
Mean rabbit

score
Mean human

score
Liquid Fabric softener (100%)

1 4.3 0.8 4.8 1.8
24 6.5 -a 0.3 -
48 3.0 - 0.0 -
72 0.8 - - -

Liquid Shampoo (20%)
1 11.1 4.0 6.0 2.0

24 7.0 - 0.8 -
48 4.3 - 0.0 -
72 0.9 - - -

Liquid hand soap (10%)
1 8.0 3.0 4.0 2.5

24 13.9 - 1.8 -
48 4.3 - 0.3 -
72 0.3 - 0.3 -

Liquid laundry detergent (4%)
1 8.3 4.0 4.5 2.3

24 13.3 - 1.8 0.0
48 9.0 - 0.5 -
72 1.4 - 0.0 -

anot scored2361
2362

Table 4-4 Rabbit and human eye responses after exposure to either 100 µL (Draize protocol)2363
or 10 µL (LVET protocol) for the liquid household cleaner. All scoring done by the tradititional2364
Draize scoring scale. Compiled from Ghassemi et al. (1993)2365

Number of Eyes AffectedDosing
Procedure Cornea Iris Conjunctiva

Max. Time to
Clear

Rabbit LVET 3/3 2/3 3/3 7 days
Human LVET 0/10 0/10 10/10 2 days
Human Draize 0/10 0/10 10/10 < 3 days

2366
In addition, comparisons can be made between predictions made by either2367

the rabbit LVET or Draize test and human experience from accidental exposure2368
(Freeburg et al 1986b). Table 4-5 shows that mean Time-to-Clear in days for these2369
household cleaning products is always shorter in the human accidental exposure2370
data than was predicted by either the Draize of LVET information. Additional2371
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information exists on the overprediction of the LVET protocol (Bruner and Kohrman2372
1993; Cormier, Hunter et al. 1995), including an additional study directly comparing2373
effects of low volumes of undiluted detergent and cleaning products in humans and2374
rabbits (Ghassemi, Sauers et al. 1993; Roggeband, York et al. 2000).2375

2376
2377

Table 4-5 Average Time-to-Clear (days) for ocular effects following accidental exposure in2378
humans and in rabbit eye irritation tests (LVET and Draize test) to household and cleaning2379
products (Freeberg, Hooker et al. 1986).2380

Average Time-to-Clear (Days)Producta

Human Data LVET Draize
Liquid Laundry Product #1 1.92 26.6 35

Liquid Dishwashing Product #1 0.77 8.2 25.7
Dry Dishwashing Product #1 0.59 4.6 18.3
Liquid Dishwashing Product #2 0.43 7.7 11.7
Liquid Household Cleaning Product #1 0.38 - 11.1
Liquid Dishwashing Product #3 0.3 3.9 22.2
Liquid Household Cleaning Product #2 0.23 4 15.2
Dry Household Cleaning Product #1 0.19 1.3 29.2
Dry Dishwashing Product #1 0.08 2.1 13.8
Dry Dishwashing Product #2 0.06 2.9 15.1

aLaundry Products: additives, main wash detergents, fabric softeners; Dishwashing products:2381
automatic and hand detergents; Household Cleaning Products: hard surface cleaners, non-2382
abrasive cleaners2383

4.2 Original reference data2384
2385

Supporting animal data for the comparisons made in this BRD came from2386
three basic methodologies: 1) the traditional Draize protocol utilizing 100 µL (or 1002387
mg) dose of test article into the conjunctival sac, 2) a modified Draize protocol which2388
involved dosing with 30 µL (or 30 mg) of material into the conjunctival sac, and 3)2389
the LVET which involves dosing with 10 µL directly onto the surface of the cornea.2390

2391
In one case, animal data came from the EPA guideline for assessing2392

aerosols. In this protocol, the animal eye was held open while a 1 second spray of2393
the test article was directed onto the cornea. This one data point was then paired2394
with data from a specially designed BCOP study in which the bovine cornea was2395
exposed to a similar 1 second spray of the test material. Other aspects of the BCOP2396
protocol remained the same.2397

2398
Some of the animal data from the 30 µL Draize protocol could not be used for2399

the comparisons found in this BRD. If the final classifications were less than an EPA2400
Category I or less than a GHS Category 1, the data were not used since it could be2401
assumed that a higher dose of test material might have resulted in a higher2402
categorization. On the other hand, if the resulting score was an EPA Category I or a2403
GHS Category 1, the data were used since the assumption was that a higher dose2404
would not have resulted in a lower score. Seven materials are included in this BRD2405
which had the 30 µL protocol and resulted in an EPA Category of 1, while only six2406
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materials could be included in the GHS analysis since one of the seven materials2407
had a GHS Category of 2A.2408

2409
The actual animal data were supplied to IIVS in one of two ways; either as2410

copies of the final reports from the organization that conducted the animal studies or2411
as Excel© spreadsheets which contained the full tissue scores that had been2412
entered by the staff of the submitter. The Excel© spreadsheets which were2413
submitted are contained in Annex C. For reasons of confidentiality, copies of final2414
reports that were submitted as the primary source for the animal scores are not2415
included in this BRD; only spreadsheets containing the data transcribed by IIVS2416
employees are appended. However, some of the final reports are available for2417
inspection by NICEATM or EPA staff upon request.2418

2419

4.3 Description of EPA toxicity categories2420
2421

The EPA uses four toxicity categories which determine the labeling2422
information for the product. Table 4-6 lists the four categories along with the ocular2423
endpoints for determining the toxicity category.2424

2425
Table 4-6 EPA Eye irritation toxicity categories (EPA 2003)2426

EPA
Category Draize Eye Test Scoring

Category I
- Corrosive, corneal involvement or irritation (iris or cornea score � 1

or redness or chemosis � 2) persisting more than 21 days or
Corneal effects that are not expected to reverse by 21 days

Category II - Corneal involvement or irritation clearing in 8-21 days
Category III - Corneal involvement or irritation clearing in 7 days or less
Category IV - Minimal or no effects clearing in less than 24 hours*
* Based on positive scores for conjunctival irritation � 22427

2428
The eye irritation toxicity indicator is based on the outcome of the Draize eye2429

test. In this BRD we have also classified the toxicity on the basis of the LVET. At2430
least three animals are tested per chemical (a one-animal screen protocol is2431
permitted to determine if the chemical is a severe irritant). The most severe2432
response of the animals is used to calculate the EPA toxicity category. A single2433
animal with a Category I response would lead to a Category I classification2434
regardless of the outcome of the other animals. The criteria used to determine if a2435
given animal result could be used for the analyses in this BRD are the same as2436
were used by NICEATM in their BRD on the BCOP test and are quoted below:2437

2438
� “At least three rabbits were tested in the study, unless a severe2439

effect (e.g., corrosion of the cornea) was noted in a single rabbit.2440
In such cases, substance classification could proceed based on2441
the effects observed in less than three rabbits.2442

� A volume of 0.1 mL or 0.1 g was tested in each rabbit. A study in2443
which a lower quantity was applied to the eye was accepted for2444
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substance classification, provided that a severe effect (e.g.,2445
corrosion of the cornea, lesion persistence) was observed in a2446
rabbit.2447

� Observations of the eye must have been made, at minimum, at2448
24-, 48-, and 72-hours following test substance application, if no2449
severe effect was observed.2450

� Observations of the eye must have been made until reversibility2451
was assessed, typically meaning that all endpoint scores were2452
cleared. Results from a study terminated early were not used,2453
unless the reason for the early termination was documented.”2454

4.4 Description of GHS toxicity categories2455
2456

The GHS (UN 2003) classification system for eye irritation is also utilized in2457
this BRD because of the likelihood that EPA labeling decisions will eventually be2458
made on the basis of this system. The classification system was applied to animal2459
data in this BRD in an identical fashion to that used by NICEATM in their BRD on2460
the BCOP assay. This methodology is described below in an extract from their BRD.2461

2462
“The classification of substances using the GHS classification system (UN2463
2003) was conducted sequentially. Initially, each rabbit tested was classified2464
into one of four categories (Category 1, Category 2A, Category 2B, and2465
nonirritant) based on the criteria outlined in Table 4-7. The criteria provided2466
in this table are identical to those described in the GHS classification and2467
labeling manual (UN 2003). Once all rabbits were categorized, the2468
substance classification was determined based on the proportion of rabbits2469
with a single irritancy category.”2470

2471
Table 4-7 Criteria for Classification of rabbits according to the GHS classification system2472
GHS Category Rabbit Category Necessary for Classification

Category 1

Group A:
� Effects in the cornea, iris, or conjunctiva that were not expected

to reverse or did not fully reverse1 within the observation period
of 21 days, or

� A corneal opacity score of 4 at any time during the test

Group B:
Rabbit with mean scores (averaging of the scores on day 1, 2,
and 3) for opacity �3 and/or iritis �1.5

Category 2A

Rabbit with mean scores (rabbit values are averaged across
observation days 1, 2, and 3) for one or more of the following:
� 1 � Iritis < 1.5
� 1 � Corneal opacity < 3
� Redness � 2
� Chemosis � 2
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and the effects fully reverse within 21 days

Category 2B

Rabbit with mean scores (rabbit values are averaged across
observation days 1, 2, and 3) for one or more of the following:
� 1 � Iritis < 1.5
� 1 � Corneal opacity < 3
� Redness � 2
� Chemosis � 2

and the effects fully reverse within 7 days

Nonirritant Rabbit mean scores fall below threshold values for Category 1,
2A, and 2B

1Full reversal of the effects was defined as corneal, iritis, redness, and chemosis = 0.2473

After each rabbit was categorized, the ocular irritancy potential of the2474
substance was determined. As shown in Table 4-8, substance classification2475
depended on the proportion of rabbits that produced the same response. As noted2476
above, if a substance was tested in more than three rabbits, decision criteria were2477
expanded. Generally, the proportionality needed for classification was maintained2478
(e.g., 1 out of 3 or 2 out 6 rabbits were required for classification for most2479
categories). However, in some cases, additional classification rules were2480
necessary to include the available data. These additional rules are distinguished2481
by italicized text in Table 4-8.2482

2483
If an unequivocal substance classification could not be made due to the2484

response pattern of the tested rabbits for a substance (e.g., one rabbit classified as2485
Category 1, Group B; two rabbits classified as Category 2B; three rabbits classified2486
as nonirritant), the data were not used in the analysis.2487

2488
Table 4-8 Criteria for Classification of Substance According to the GHS Classification System2489
(Modified from UN 2003)2490

GHS Category Criteria Necessary for Substance Classification

Category 1

1. At least 1 of 3 rabbits or 2 of 6 rabbits classified as
Category 1, Group A

2. One of six rabbits classified as Category 1, Group A and at
least 1 of 6 rabbits classified as Category 1, Group B

3. At least 2 of 3 rabbits or 4 of 6 rabbits classified as
Category 1, Group B

Category 2A
1. At least 2 of 3 rabbits or 4 of 6 rabbits classified as

Category 2A
2. One of 3 (2 of 6) rabbits classified as Category 2A and 1 of
3 (2 of 6) rabbits classified as Category 2B

Category 2B 1. At least 2 of 3 rabbits or 4 of 6 rabbits classified as
Category 2B

Nonirritant 1. At least 2 of 3 rabbits or 4 of 6 rabbits classified as
nonirritant

Italicized text indicates rules that were developed to include additional data.2491
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4.5 Transformation of original data to toxicity categories2492
2493

To transform the original data – existing either as a submitted spreadsheet or2494
as an original report from the laboratory conducting the Draize eye irritation test –2495
individual eye scores were entered into Excel® spreadsheets designed to2496
categorize the scores according to the above listed criteria. Example spreadsheets2497
can be found in Annex C. The spreadsheet used to determine EPA toxicity2498
categories was designed at IIVS, and the spreadsheet used to determine GHS2499
toxicity classifications was designed at ECVAM and supplied to IIVS.2500

2501
As part of our additional analysis of the EPA and GHS classifications,2502

information from six rabbit Draize tests was entered into a secondary spreadsheet2503
which calculated GHS and EPA categories for each of the 20 distinct sets of 3 rabbit2504
combinations as described in Section 4.8.2505

4.6 Quality of in vivo data2506
2507

It is the generally stated goal of most validation authorities that data2508
submitted in support of a validation effort should be conducted to comply with GLP2509
guidelines (ICCVAM 1997; Hartung, Bremer et al. 2004). The GLP-compliance2510
status of the majority of the animal studies in this BRD is not known since that2511
information was not supplied by the sponsors. However, for a minority of the data2512
the actual study reports were available, and it could be determined from these2513
reports whether or not the studies were GLP-compliant. In cases where the studies2514
were determined to be GLP-compliant this fact was noted in the spreadsheets.2515

4.7 Human toxicity information on cleaning products2516
2517

We have no human toxicity information for any of the specific materials that2518
are used as references for the in vitro results in this BRD. However, data do exist in2519
the literature for certain types of cleaning products. Although it is not routine,2520
ethically designed human studies have been conducted on such products. In2521
addition, human accidental exposure data have been collected for some household2522
cleaning products and this information compared with data from the Draize eye2523
irritation test, the LVET, and human clinical studies. Several of these studies have2524
already been discussed in detail in Section 4.1.2 of this BRD.2525

2526
Essentially, the data indicate that the results of both the Draize test and the2527

LVET overpredict the amount of damage that would occur in the human eye;2528
however, the Draize test overpredicts by a greater amount.2529

2530
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4.7.1 Clinical Studies by Beckley et al. (1965) on a light duty liquid detergent2531
2532

Beckley et al. (1965) compared a light duty liquid detergent (Table 4-9) on the2533
eyes of rabbits, dogs, monkeys and humans (Beckley 1965).2534

2535
Table 4-9 Composition of the light duty liquid detergent from the Beckley 1965 study (Beckley2536
1965)2537

2538
Test Product Ingredients Level in Product

(%)
Concentration

Tested
Alkylbenzene sulphonate
Conventional organic foam
builder and solubilizer

38%

Ethyl alcohol 12%

Light Duty Liquid
Detergent
(pH 6.3)

Water 50%

Various amounts,
up to and
including undiluted
material

2539
The laboratory animal studies showed clear differences between species with2540

the most sensitive being the rabbit, followed by the dog, and finally by the monkey.2541
All of the animals whose eyes were not flushed showed some corneal involvement.2542
Extracted results from the manuscript are shown in Table 4-10.2543

2544
Table 4-10 Mean Draize scores for individual ocular tissues of six rabbits, six dogs and four2545
monkeys (unflushed) or three animals each (flushed) after instillation of 100 µL of a Light Duty2546
Liquid Detergent (Beckley 1965)2547

2548
Eyes Unflushed Eyes FlushedEvaluation

Time
Ocular
Tissue Rabbit Dog Monkey Rabbit Dog Monkey

Cornea 33.3 40.0 20.0 15.0 40.0 0
Iris 10.0 5.0 2.5 10.0 0 01h Conjunctiv
a 12.0 4.0 1.0 10.0 0 0

Cornea 33.3 45.0 10.0 13.3 20.0 0
Iris 10.0 5.0 0 10.0 0 01 day Conjunctiv
a 12.0 4.0 0 10.0 0 0

Cornea 21.7 30.0 0 5.0 20.0 0
Iris 10.0 5.0 0 8.3 0 03 days Conjunctiv
a 9.3 0 0 7.3 0 0

Cornea 6.7 0 0 1.7 0 0
Iris 8.3 0 0 3.3 0 07 days Conjunctiv
a 6.7 0 0 2.7 0 0

2549
2550

In contrast to the animal results, three different studies using human2551
volunteers showed much milder reactions and no corneal involvement.2552

2553
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� Study A: This study began with the instillation (100 �L) of increasing2554
concentrations of the Light Duty Liquid Detergent into the lower conjunctival sac2555
without rinsing. After it was determined that all of the diluted solutions were2556
tolerated, undiluted solution was then instilled (100 �L) into the eyes of 152557
volunteers for seven consecutive days. Ten of the subjects had no eye damage;2558
five had began to develop conjuctivis which disappeared when dosing was2559
stopped. There were no instances of corneal or iridial involvement.2560

2561
� Study B: This study was an extended dosing study, again using fifteen subjects.2562

It began with 100 µL instillations of increasing concentrations alternating daily2563
between the left and right eye until the undiluted solution was used. Since2564
100 �L flooded the eye, the dosage was held in place for two minutes with a2565
gauze pad. After removing the pad the eyes were rinsed. After the 20th day 1002566
�L of the undiluted solution was instilled into the same conjunctival sac for 82567
days. A few subjects developed a conjunctival erythema. There were no2568
instances of corneal or iridial involvement throughout the entire study.2569

2570
� Study C: This study involved instilling three drops of undiluted solution into each2571

eye for three days. “None of the subjects developed a chronic conjunctivitis, and2572
in no case was there involvement of the iris or cornea.”2573

2574
The conclusion from this study is that humans are not only much less2575

sensitive to this type of cleaning product than the rabbit, but also less sensitive than2576
the dog and monkey.2577

2578

4.7.2 Clinical Studies by Beckley et al. (1969) on a soap suspension and a2579
liquid household cleaner2580

2581
Beckley et al. (1969) also compared the effects of a 5% soap solution and an2582

undiluted all-purpose liquid household cleaner on the eyes of rabbits, monkeys, and2583
man. The composition of the all-purpose household cleaner is provided in Table 4-2584
11.2585

2586
Table 4-11 Composition of the test materials from the Beckley 1969 study (Beckley 1969)2587
Test Product Ingredients Level in Product

(%)
Concentration

Tested
Soap suspension Soap N/A 5%

Alkylbenzene sulphonate 5
Ammonium cumene sulphonate 4
Builder containing 3% sodium
carbonate and 1% tetrapotassium
pyrophosphate

13

Miscellaneous ingredients including
0.7% ammonia, 0.6% soap and
0.4% perfume

2

Liquid Household
Cleaner
(pH 10.4)

Water Up to 100

Undiluted

2588
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� 5% Soap solution – Rabbits and monkeys had some corneal involvement2589
lasting up to 72 hours for some of the animals. Both species had2590
conjunctivitis up to 48 hours. The humans had some initial epithelial loss2591
that was not observable at 6 hours. Conjunctivitis was seen in the2592
humans at six hours but further measurements were not made.2593

2594
� Liquid Household Cleaner – Rabbits corneal stippling up through 7 days2595

and conjunctivitis through 3 days. Monkeys had corneal stippling through2596
seven days and conjunctivitis up to 24 hours. Humans had corneal2597
stippling only through 6 hours and conjunctivitis through 3 days.2598

2599
The conclusion from this study was that humans had a slight corneal2600

response to both 5% soap and the Liquid Household Cleaner, but it cleared by2601
six hours. The laboratory animals, in contrast, had more severe responses.2602

4.7.3 Clinical Studies by Ghassemi, et al. (1997) on a liquid household2603
cleaner2604

2605
Ghassemi, et al. carried out direct installation studies in human volunteers2606

with a liquid household cleaner of low pH. Table of 4-12 gives the composition of2607
the cleaner.2608

2609
Table 4-12 Liquid Household Cleaner composition used in the Ghassemi et al. (1997) study2610

Test Material Ingredients Ingredient
Concentration

Concentration
Tested

Liquid Household
Cleaner
(pH 3)

Nonionic surfactant:
� alcohol ethoxylate

Amphoteric surfactant:
� betaine
� Na H2 citrate
� Cumene sulphonate

Solvent:
� butoxypropoxypropanol/
dipropylene glycol
� monobutyl ether
� Water

2%

2%

3%
3%

8%

to 100%

Undiluted

2611
Undiluted Liquid Household Cleaner was instilled into one eye of ten human2612

volunteers using either the Draize methodology (100 �L instillations) or the LVET2613
methodlogy (10 �L onto the cornea). Rabbits were also dosed with the cleaner2614
using the LVET method. There was no corneal or iridial involvement in the humans2615
with either dosing procedure, but there was initial conjunctivitis which cleared by 482616
hours after the 10 �L exposure and 70 hours after the 100 �L exposure. In contrast,2617
the three rabbits had both corneal (3/3) and iridial (2/3) involvement, along with2618
conjunctivitis which did not resolve until seven days.2619
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The conclusion from this study is that human eyes are not significantly2620
affected by this Liquid Household Cleaner (even with the 100 �L dosing volume),2621
but rabbits have significant ocular responses to even the LVET procedure.2622

4.7.4 Clinical studies of liquid detergent products by Roggeband, et al. (2000)2623
2624

Roggeband et al. conducted human clinical studies on two representative,2625
surfactant-based cleaning products which are described in Table 4-13.2626

2627
Table 4-13 Composition of the test materials from the Roggeband, et al. (2000) study2628
Test Product Ingredients Level in Product

(%) Concentration Tested

Soap 15
Nonionic surfactant 27
Anionic surfactant 12

Concentrated Laundry
Liquid

Water Up to 100

Undiluted

Non-ionic surfactant 4
Anionic surfactant 38Concentrated

Dishwasher Liquid
Water Up to 100

Undiluted

2629
Initial studies with the two test materials focused on finding dosing volumes of2630

the two concentrated products that were just below the doses causing some corneal2631
erosion. These doses were 3 �L for the Concentrated Laundry Liquid and 1 �L for2632
the Concentrated Dishwashing Liquid.2633

2634
Subsequently 10 human volunteers and six rabbits were exposed to identical2635

doses of the Concentrated Laundry Liquid (3 �L) and the Concentrated2636
Dishwashing Liquid (1 µL). Table 4-14 shows the results with the laundry liquid. At 12637
hour in the human there were corneal effects in two volunteers, but there were no2638
corneal lesions at 24 hours. There were also conjunctival effects at 1 hour, but2639
these resolved in all but two volunteers at 24 hours. In the rabbit; however, there2640
were corneal effects in 5 of the 6 rabbits at 24 hours, and rather strong conjunctival2641
effects in all rabbits at 24 hours.2642

2643
2644
2645
2646
2647
2648
2649
2650
2651
2652
2653
2654
2655
2656
2657
2658
2659
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Table 4-14 Ocular responses of humans and rabbits to identical volumes (3 ��L) of2660
Concentrated Laundry Liquid. Modified from Roggeband, et al (2000).2661

Human Rabbit
1 Hr 24 Hr 1 Hr 24 Hr

Volunteer Corneaa Conjunctivab Cornea Conjunctiva Animal Cornea Conjunctiva Cornea Conjunctiva
A 0 1/1 0 0/0 A 0/0 1/1/0 1/2 2/1/1
B 0 1/0 0 0/0 B 0/0 1/1/0 1/2 2/1/1
C 0 1/0 0 0/0 C 0/0 1/1/0 0/0 2/1/1
D 1/2 1/0 0 1/0 D 0/0 1/1/0 1/4 2/1/0
E 1/1 1/0 0 0/0 E 0/0 1/1/0 1/3 2/1/1
F 0 1/0 0 1/0 F 0/0 1/1/0 1/4 2/1/1
G 0 1/0 0 0/0
H 0 0/0 0 0/0
I 0 1/0 0 0/0
J 0 1/0 0 0/0

aCorneal score expressed as opacity score/area2662
bConjunctival score expressed as erythema score/edema score in humans and2663

erythema/edema/discharge in rabbits.2664
2665

The results with the dishwashing liquid are shown in Table 4-15. One of the2666
human subjects had corneal involvement at 1 hour but this resolved by 24 hours.2667
Three of the ten volunteers had a slight conjunctivial response at 1 hour, but all had2668
resolved at 24 hours. In contrast 5 of the six rabbits had corneal opacities at 242669
hours and all of the rabbits had conjunctival involvement at both 1 hour and 242670
hours.2671

2672
Table 4-15 Ocular responses of humans and rabbits to identical volumes (1 �L) of2673
Concentrated Dishwshing Liquid. Modified from Roggeband, et a (2000).2674

Human Rabbit
1 Hr 24 Hr 1 Hr 24 Hr

Volunteer Corneaa Conjunctivab Cornea Conjunctiva Animal Cornea Conjunctiva Cornea Conjunctiva
A 0 0/0 0 0/0 A 0/0 1/1/0 0/0 1/1/1
B 0 0/0 0 0/0 B 0/0 2/1/0 1/2 2/1/0
C 0 0/0 0 0/0 C 0/0 1/1/0 1/1 2/1/0
D 1/1 1/0 0 0/0 D 0/0 1/1/0 1/1 2/1/0
E 0 0/0 0 0/0 E 0/0 1/1/0 1/2 2/1/0
F 0 0/0 0 0/0 F 0/0 1/1/0 1/2 2/1/0
G 0 1/0 0 0/0
H 0 0/0 0 0/0
I 0 1/0 0 0/0
J 0 0/0 0 0/0

aCorneal score expressed as opacity score/area2675
bConjunctival score expressed as erythema score/edema score in humans and2676

erythema/edema/discharge in rabbits.2677
2678

The conclusions of this study were that concentrated surfactant cleaning2679
products are capable of causing ocular effects in both the human and the rabbit.2680
However, the effects in the rabbit after an identical dose to that applied to the2681
human volunteers were more severe and resolved much later (some between 72 hr2682
and seven days).2683

�

C-154

ICCVAM AMCP Evaluation Report



EPA Toxicity Labeling Background Review Document 4 In vivo Reference Data Used

EPA BRD-Final Report Page 61 of 215

4.8 Accuracy and reliability of the LVET and Draize tests2684
2685

A significant problem in analyzing how well any in vitro test predicts the2686
outcome of an in vivo test is that a single value (without any estimate of error) is2687
generally associated with the animal score for a test material, and this single value2688
is treated as a “gold standard”. In reality, there is no single eye irritation value that2689
characterizes a test material; the value that is obtained will generally vary each time2690
the material is tested. Thus, it is extremely unlikely that an in vitro score and an in2691
vivo score will match exactly, no matter how perfectly the in vitro test is performed.2692
This fact is often overlooked in most validation studies. Generally the animal score2693
is treated as a single fixed value (since the animal test is generally conducted only2694
once), and the in vitro test is then assessed for its “accuracy” based on how well its2695
data match that of the animal test. Only a few studies, e.g., the CTFA Phase III eye2696
irritation evaluation study (Gettings, Lordo et al. 1996), have taken the animal test2697
variability into account. The CTFA study used bootstrap resampling to estimate with-2698
in group variability for each test material so that Draize scores could be represented2699
more realistically with their variability (see, for example, Figure 4-1).2700

2701
2702
2703

2704
Figure 4-1. Performance of the Silicon Microphysiometer in predicting the Draize MAS score2705
for test materials from the CTFA Phase III study of surfactant-based formulations (Gettings,2706
Lordo et al. 1996). The variability associated with both the animal test and the in vitro test is2707
shown on the graph.2708

2709
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4.8.1 Analysis of six rabbit tests in combinations of three2710
2711

As mentioned above, one reason that Draize MAS scores are usually treated2712
as unvarying values is that both ethical and financial considerations generally2713
demand that a rabbit eye test only be conducted a single time. Thus for many2714
materials there is no information about what score might occur in a repeat test, and2715
without the results of multiple tests it is difficult to address variability.2716

2717
However, there is one approach which can supply some quantitative insight2718

into this problem. Because over the years the Draize test protocol has evolved from2719
a six rabbit test to a three rabbit test, there is one way of estimating variability for2720
materials which were tested with the six rabbit protocol. It is possible to analyze the2721
ocular response of the six rabbits by placing them into smaller groups. For example,2722
the results for each of the six individual rabbits can be recombined into multiple2723
unique groups of three rabbits (matching the number of rabbits used in today’s2724
standard protocol). In fact, all rabbits (designated A – F in the following example) in2725
a six rabbit test can be recombined into 20 unique three rabbit groups, e.g. ABC,2726
ABD, ABE, ABF, etc. This is an approach already used by others in studies to2727
determine the necessary sample size for a rabbit ocular irritation test (DeSousa,2728
Rouse et al. 1984). Each three rabbit group can then be given a hazard2729
classification according to the published guidelines from specific regulatory bodies.2730
The number of subgroups in each hazard classification can then be viewed as a2731
measure of the variability of the test. If all 20 subgroups are classified as R36, for2732
example, then the R36 classification for that material can be considered not very2733
variable. However, if 10 subgroups are rated as No Label and the other 10 are rated2734
as R41, then the results for that material would be considered quite variable. In2735
essence the above results mean that if the material were tested in multiple three2736
rabbit tests, half of the tests would rate it as a very severe R41 material, and the2737
other half of the tests would rate it as a mild No Label material. Therefore, an in2738
vitro test of the same material should not necessarily be expected to always make a2739
prediction of R41, which would be the overall prediction of the six rabbit test.2740

2741
To demonstrate the level of Draize test variability which occurs in the real2742

world, we have examined the animal data from the CTFA Phase III study. This study2743
had arguably one of the best controlled animal studies because it was conducted2744
under GLP’s and utilized a randomized block design (3 males and 3 females) with2745
each animal’s dosing initiated on a separate day.2746

2747
Table 4.16 shows for the CTFA Phase III study the number of three rabbit2748

subgroups which fall into each of the hazard categories for the three regulatory2749
classification schemes (GHS, EU, and EPA). Data which support these2750
classifications can be found in spreadsheets contained in Annex C; CTFA Animal2751
Data) It can be seen that in some cases all of the three rabbit subgroups give the2752
same hazard classification as the six rabbit study, e.g. the EU classification for HZB,2753
HZC and HZD is No Label, and each of the 20 three rabbit subgroups for each test2754
material is also No Label. However, for those same three test materials classified by2755
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GHS criteria there is considerable difference between the subgroups and the2756
original six rabbit study. For example, HZC is No Label by the six rabbit test, but2757
only half (10) of the three rabbit groups are No Label; seven are 2B and 3 are2758
category 1. This means if the test were repeated 20 times using the current three2759
rabbit protocol there would be an equal chance of having a higher than No Label2760
score (10 out of 20 times) as there would be of having the No Label score (10 out of2761
20 times). Similar results can be seen for many of the materials in this study.2762

2763
Even more dramatic examples can be found in the CTFA Phase III study.2764

HZE, for example, is classified R41 by the six rabbit test, but only 10 of the2765
subgroups have R41 classifications, the other 10 are No Label! Thus if the three2766
rabbit test were run only once, there would be a 50% chance of having the lowest2767
classification (No Label) and an equal chance of having the highest label (R41).2768
HZP is another interesting example. Although it has a 6-rabbit GHS classification of2769
No Label, 6 out of 20 tests (30% of the time) give a Category 1 result – three2770
categories higher than that determined by the 6 rabbit test! Other interesting2771
examples are highlighted in bold in the table.2772
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Table 4-16 Recombination of each 6 rabbit test result into 20 three rabbit test subgroups. Each2773
subgroup was classified separately according to the rules for each of the three classification2774
systems, and the number of subgroups falling into each hazard category is indicated. Numbers2775
in bold, shaded areas represent results from test materials where the subgroups differed in their2776
hazard classification from the overall six rabbit classification. Data from the CTFA Phase III2777
study. N = 25 materials.2778

GHS EU EPA 1 2A 2B NL R41 R36 NL I II III IV

Shampoo 7 HZA 1 R41 1 16 4 0 0 16 3 1 16 4 0 0
Liquid Soap 1 HZB* NL NL 3 0 0 4 16 0 0 20 0 0 20 0
Shampoo 1 HZC* NL NL 3 0 0 10 10 0 0 20 0 0 20 0
Shampoo 5 HZD* NL NL 3 0 0 0 20 0 0 20 0 0 20 0
Gel Cleaner HZE NL R41 1 10 0 0 10 10 0 10 10 0 10 0
Baby Shampoo 2 HZF 1 R41 1 16 4 0 0 16 3 1 16 4 0 0
Shampoo 8 HZG* NL NL 3 0 0 0 20 0 0 20 0 0 20 0
Eye Makeup re. HZH NL NL 4 0 0 0 20 0 0 20 0 0 0 20
Skin Cleaner HZI 1 R41 1 19 1 0 0 19 1 0 19 1 0 0
Mild Shampoo HZJ NL NL 4 0 0 0 20 0 0 20 0 0 0 20
Bubble bath HZK 1 R41 1 20 0 0 0 20 0 0 20 0 0 0
Foam Bath HZL 1 R41 1 19 0 1 0 19 0 1 19 0 1 0
Shampoo 3 HZM* NL NL 3 0 0 0 20 0 0 20 0 0 10 10
Shampoo 6 HZN* NL NL 3 0 0 0 20 0 0 20 0 0 20 0
Baby Shampoo 1 HZP NL NL 3 0 0 0 20 0 0 20 0 0 19 1
Cleaning Gel HZQ NL NL 3 0 0 0 20 0 0 20 0 0 20 0
Facial Cleaning FoamHZR* NL R41 1 10 0 3 7 10 0 10 10 0 10 0
Shower Gel HZS 1 R41 1 19 1 0 0 19 1 0 19 1 0 0
Polishing Scrub HZT NL NL 4 0 0 0 20 0 0 20 0 0 0 20
Hand Soap HZU* NL NL 3 0 0 4 16 0 0 20 0 0 20 0
Shampoo 4 HZV* NL NL 3 0 0 0 20 0 0 20 0 0 20 0
Liquid Soap 2 HZW* 2B NL 3 0 0 16 4 0 0 20 0 0 20 0
Shampoo 2 HZX 1 R41 1 19 1 0 0 19 0 1 16 4 0 0
Shampoo AntiD HZY 1 R41 1 16 4 0 0 16 4 0 16 4 0 0
Facial Cleaner HZZ NL NL 4 0 0 0 20 0 0 20 0 0 0 20
* tested at 25% (w/v) in vivo and in vitro (starting material)

6 animal study score GHS Counts EU Counts EPA Counts

2779
2780

The main conclusion from studying this example is that neither a Draize2781
MAS score nor a Draize-defined EPA toxicity classification is an unvarying2782
physical constant for the test material. Therefore, an in vitro test should not2783
be expected to exactly match a toxicity category determined in vivo because2784
the next time the animal test is run it might also fail to match the toxicity2785
classification of the first animal test.2786

2787
One other interesting piece of information can be found in the results in Table2788

4-16, and that is the EPA toxicity categories which would be assigned to this list of2789
personal care and cosmetics products. The usual assumption is that EPA Category I2790
materials are extremely toxic, such as undiluted commercial pesticides, or strong2791
bleaches or acids. However, here we see that common products that are used2792
routinely around the head and face are able to elicit Category I classifications. Even2793
a labeled baby shampoo is categorized as an EPA Category 1! It is possible that2794
many of these personal care products are actually potential severe eye irritants for2795
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humans. However, this does not seem likely, or we would have seen a tremendous2796
number of severe eye injuries from misuse (or even correct use) of the products. A2797
more likely possibility is that the EPA scoring scale is quite overprotective of the2798
human response. This is an important concept to keep in mind when assessing the2799
predictive capacity of the in vitro tests described in this BRD. When assessing the2800
validity of a new method it is always necessary to make some judgment concerning2801
just how many underpredictions of the Draize-defined toxicity classifications can be2802
accepted. Knowing how this set of personal care products scored in the Draize eye2803
irritation test may assist in making realistic assessments.2804

2805

4.8.2 Historic references on reliability of the Draize test2806
2807

Additional information addressing the variability inherent in the Draize test2808
can be found in (Weil and Scala 1971; Marzulli and Ruggles 1973; Choksi,2809
Haseman et al. 2005; Prinsen 2006).2810
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5 Test method data and results2811
2812

Since the testing strategy described in this BRD consists of three separate2813
test methods, the Cytosensor method, the EpiOcular method and the BCOP test2814
method, information concerning the data and the protocols used to generate the2815
data will be described under the appropriate headings for each test method in turn.2816

5.1 Description of the test method protocols used to generate data2817
2818

The number of unique materials with in vivo and in vitro paired data is2819
described by Table 5-1 for each assay system. The materials tested in the2820
Cytosensor assay were not tested in any other in vitro assay system. The CTFA2821
cytosensor study used the same 25 unique materials in both the Draize and LVET in2822
vivo systems. The Colipa study and the CTFA study had some overlap of materials,2823
but the materials were either reformulated or separately sourced with several year’s2824
time between the studies – thus it would be questionable to consider them2825
“identical” materials. Thirty unique materials were tested in both the EpiOcular and2826
BCOP assay systems. These materials are listed under EpiOcular, BCOP, and the2827
EpiOcular & BCOP assays below.2828

2829
Table 5-1 Description of number of unique materials tested in each assay system with2830
corresponding in vivo data.2831

2832
Assay Study In Vivo Data Materials Comments

LVET Only
Section 6.1.1 LVET 105 unique Not tested in any other in vitro

assay.
Draize 25 uniqueCTFA Phase III

Section 6.1.2.1 LVET 25 unique

Same 25 materials were tested in
the Draize and LVET. Not tested in
any other in vitro assay.

Cytosensor

COLIPA
Section 6.1.2.2 Draize 20 unique Not tested in any other in vitro

assay.

Draize 30 unique
EpiOcular

Different
Companies

Section 6.2.1 LVET 25 unique

Different materials tested in the
Draize and LVET. 30 materials
(all from the Draize study) were
also tested in the BCOP assay.

Draize 66 unique
BCOP

Different
Companies

Section 6.3.2.2.1 LVET 2 unique

30 materials (all from the Draize
study) were also tested in the
EpiOcular assay

2833

5.1.1 Cytosensor method2834
2835

The Cytosensor data submitted by the participating companies for anti-2836
microbial cleaning products (and similar formulations) were generated by at least2837
two different protocols. One was the protocol designed for the silicon2838
microphysiometer, the predecessor instrument to the Cytosensor, which is2839
described in Section 2.2.1. This protocol uses a 500 second exposure to cells grown2840
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on a cover slip (see Section 2.2.1 for further explanation). For ease in combining2841
data so that a comprehensive prediction model for both instruments could be2842
developed, data from this protocol were transformed to Cytosensor data by an2843
algorithm described in Section 2.2.1.1.2844

2845
The second protocol used to generate anti-microbial cleaning products data2846

was the standard Cytosensor protocol used by both the Procter & Gamble Company2847
and the Institute for In Vitro Sciences, Inc. This protocol uses an 810 second2848
exposure to cells grown on a Transwell membrane (see Section 2.2.1 for further2849
explanation), and is presented in Annex A1.2850

2851
Also included in this BRD are data generated from the CTFA Phase III2852

evaluation study on surfactant-based formulations (Gettings, Lordo et al. 1996).2853
This study used the Silicon Microphysiometer protocol (500 sec exposure).2854

2855
Data from a second large validation study which used surfactants and2856

surfactant-based formulations (some of which were prepared to be identical to the2857
ones used in the CTFA evaluation) – the COLIPA eye irritation study (Brantom,2858
Bruner et al. 1997) - used the Cytosensor protocol (810 sec exposure) which is2859
contained in Annex A2.2860

5.1.2 EpiOcular method2861
2862

The EpiOcular data submitted by the participating companies for anti-2863
microbial cleaning products (and similar formulations) were all generated by a single2864
protocol which was developed by the Procter & Gamble Company and2865
Microbiological Associates/IIVS. This protocol uses the EpiOcular tissue model2866
(MatTek Corporation, Ashland, MA) and is contained in Annex A3. See Section2867
2.2.2.2 for more details on the protocol.2868

5.1.3 BCOP method2869
2870

The BCOP data submitted by the participating companies for anti-microbial2871
cleaning products (and similar formulations) were all generated by a common2872
protocol which is contained in Annex A2. This is essentially identical to the2873
“ICCVAM Recommended BCOP Test Method Protocol” which is contained in2874
ICCVAM’s test method evaluation report following their review of 4 methods to2875
detect ocular corrosives and severe irritants. The standard exposure time in this2876
protocol is 10 minutes; however, some data are included in this BRD where the2877
corneas were exposed for only three minutes. In fact, it was determined that the 102878
minute exposure often overpredicted cleaning formulations which contained >5%2879
solvent. The animal derived toxicity categories were more accurately predicted by a2880
three minute score. Therefore, we suggest that formulations containing >5% solvent2881
be evaluated with a three minute exposure protocol. It is indicated in the text where2882
these types of data are being discussed.2883

2884
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Some interlaboratory variability data are presented in this BRD which were2885
extracted from the ICCVAM BRD on the BCOP assay. The protocols which were2886
used to generate these data are described in the ICCVAM BRD.2887

2888

5.2 Availability of copies of original data used to evaluate the predictive2889
capacity and reliability of the three test methods2890

2891

5.2.1 Cytosensor data2892
2893

For the main analysis of predictive capacity, data from the Cytosensor were2894
submitted by participating companies along with spreadsheets containing the results2895
of animal studies. In some cases, the original reports from the animal studies were2896
submitted. The spreadsheets containing the data are appended to this BRD (Annex2897
C2), and the actual reports can be made available to ICCVAM or the EPA upon2898
request.2899

2900
For the supplemental information that was used for predictive capacity and2901

reliability (results from the CTFA Phase III evaluation and the COLIPA study), the2902
raw animal data from the CTFA Phase III evaluation are available, but only2903
subsequent transcriptions are available for the COLIPA study. Raw data from the in2904
vitro portion of these two studies can be supplied if desired.2905

2906

5.2.2 EpiOcular data2907
2908

Raw data for both the in vitro and in vivo studies reported for the EpiOcular2909
method are available upon the request of ICCVAM or the EPA.2910

2911
Raw data from the Colgate-Palmolive sponsored validation of the EpiOcular2912

test method (used here for interlaboratory reliability information) can be made2913
available to ICCVAM or the EPA upon request.2914

5.2.3 BCOP data2915
2916

Raw data for both the in vitro and in vivo studies reported for the BCOP2917
method are available upon the request of ICCVAM or the EPA.2918

2919
Raw data from some of the ancillary studies taken from the ICCVAM BCOP2920

BRD (ICCVAM 2006) may be available from the NICEATM archives.2921
2922
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5.3 Summary of results and prediction models used to evaluate the2923
data2924

2925
The development of the prediction models for each of the test methods is2926

described in the data analysis section of this BRD (Section 6.0).2927
2928

5.3.1 Cytosensor test method2929
2930

Participating companies submitted Cytosensor data for ~275 test samples2931
having formulations similar to those found in typical cleaning product formulations.2932
After evaluating the animal data (all LVET data for these samples) it was found that2933
the data were insufficient to accurately calculate EPA toxicity categories for 1702934
materials due to termination of the animal test prior to 21 days or individual animal2935
data were not provided. Thus 108 materials remained for which there were both2936
EPA categories and Cytosensor MRD50 information. Three of these materials were2937
described as having oxidizing properties and had been tested in the Cytosensor2938
before other studies conducted by the participating companies indicated that2939
oxidizing products often cause a delayed ocular response which is best observed in2940
the BCOP assay. Therefore, the oxidizing materials were not used in the analysis of2941
the Cytosensor performance, leaving 105 unique materials which could be used to2942
gauge the performance of the Cytosensor. Coded information on the 105 materials2943
is given in Table 5-2. Full formulation information on the materials can be traced2944
using the code to identify the appropriate information in Annex B3.2945

2946
In addition to the company submissions, we were able to obtain Cytosensor2947

and rabbit raw data from 25 materials from the CTFA Phase III eye irritation2948
evaluation study (Gettings, Lordo et al. 1996) on surfactants and surfactant2949
containing materials (Table 5-4). Both LVET and Draize test data were obtained for2950
all 25 materials allowing a comparison of these two rabbit eye test methodologies2951
for deriving the cut-offs needed for a prediction model. A list of the formulations is2952
included in Annex B4.2953

2954
In order to obtain additional information on the performance characteristics of2955

the CM assay when the traditional Draize test was used to define the EPA and GHS2956
toxicity classification of the formulations, we obtained raw data from a COLIPA-2957
sponsored study (Brantom, Bruner et al. 1997; Harbell, Osborne et al. 1999) which2958
tested a range of surfactant-containing formulations including 12 surfactants and 72959
surfactant-containing materials (Table 5-5). The traditional Draize methodology was2960
used to define the toxicity classifications of the chemicals and formulations.2961

5.3.1.1 Company Cytosensor data submissions paired with data from the LVET2962
assay2963

2964
Table 5-2 lists the 105 unique formulations for which both Cytosensor data2965

and rabbit LVET data exist. Table 5-3 summarizes the number of formulations which2966
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fall into each each of the predetermined “buckets”. Both GHS and EPA toxicity2967
categories are listed along with the Cytosensor MRD50 value. Where 6-rabbit tests2968
were used, the distribution of 3-rabbit subgroups are listed to indicate the level of2969
variability associated with the final category assignment. See Section 4.8.1 for a2970
discussion of this type of analysis. The protocol used to generate the paired data2971
was the standard Cytosensor protocol used by both the Procter & Gamble Company2972
and the Institute for In Vitro Sciences, Inc. This protocol uses an 810 second2973
exposure to cells grown on a Transwell membrane (see Section 2.2.1 for further2974
explanation), and is presented in Annex A1.2975
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Table 5-3 gives the distribution of materials in Table 5-2. It is obvious that the2788
distribution of product categories is relatively uneven, but follows a pattern similar to2789
that of the types of anti-microbial cleaning products on the market (personal2790
communication, P&G).2791

2792
Table 5-3 Distribution of product categories originally submitted with both animal eye2793
irritation data and Cytosensor data.2794

2795
Product

Categories
Number of

products tested
Surfactants 82

Acids 1
Bases 4

Solvents 18
Total 105

2796

5.3.1.2 CTFA Phase III study (Gettings, Lordo et al. 1996)2797
2798

The CTFA Phase III study was chosen for inclusion in this BRD since it is2799
helpful to understand how the Draize and the LVET perform on a set of materials2800
(surfactant-based personal care products) for which there are CM data and which2801
are similar to those materials contained in this BRD. The animal data can be found2802
in Annexes C3-C6.2803

2804
The CTFA Phase III study (Gettings, Lordo et al. 1996) was an evaluation2805

program of a number of in vitro eye irritation tests. The project’s original goal was to2806
determine how well the in vitro tests predicted the Draize MAS scores for 252807
surfactant-based personal care products, but a secondary analysis conducted at the2808
conclusion of the primary study included LVET MAS scores as well. The reference2809
data for the CTFA Phase III study are arguably the most useful of the animal data2810
from any of the studies in this BRD. Data from both the Draize and LVET assays2811
were obtained under GLP-compliant conditions and with a randomized block design2812
utilizing three male and three female rabbits for each chemical. There are several2813
advantages to the block design: 1) it simulates to some extent within lab day-to-day2814
variability since for each chemical not all rabbits are dosed on the same day, and 2)2815
it eliminates some of the scoring bias since the scorers read each animal2816
independently and are unaware of which six rabbits were treated with the same test2817
article. However, the main positive point about the study is that the in vitro and in2818
vivo assays were run nearly concurrently (separated only by a few weeks) using2819
samples from the same batch of chemical or formulation. The one negative point to2820
this study is that ocular anesthesia was used during the rabbit test (both Draize and2821
LVET) and to the best of our knowledge none of the other animal assays in this2822
BRD used ocular anesthesia. There are reports that rabbits given ocular anesthesia2823
may have a more intense ocular reaction than animals treated without anesthesia,2824
e.g.,Gunderson & Liebmann (1944).2825

2826
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Only one laboratory (Microbiological Associates, Inc., Rockville, MD)2827
contributed CM data for this study. All 25 chemicals in the study were deemed2828
compatible for testing with the CM. An overall summary of the CTFA Phase III study2829
including the chemical identities, animal scores, and in vitro scores is given in Table2830
5-4. Although these studies were conducted with the silicon microphysiometer, for2831
ease of comparison with the other studies in this section of the BRD, the in vitro2832
MRD50 values have been converted to CM values using the relationship presented2833
in Section 2.2.1.1.2834

2835
Table 5-4 shows that in the CTFA Phase III study most materials (16/25;2836

64%) are assigned the same EPA toxicity category by either the LVET or the Draize2837
test, supporting the fact that Draize and LVET are not all that different. The total2838
concordance is 64%, with 12% differing by one category and 24% differing by 22839
categories.2840

2841
A similar analysis by GHS categories shows that there is 64% concordance,2842

with 4% differing by one category, 16% differing by 2 categories and 16% differing2843
by three categories.2844

2845
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Table 5-4 Summary of Cytosensor data from the CTFA Phase III study using toxicity2846
classifications determined by both the Draize Rabbit Test and the Low Volume Eye Test for2847
surfactant-containing materials (Gettings, Lordo et al. 1996)2848

2849

CTFA
chemical
number

Substance Test
Code

Concentration
Tested

In Vivo GHS1,2

(DRAIZE)
In Vivo GHS1,2

(LVET)
In Vivo EPA3,4

(DRAIZE)
In Vivo EPA3,4

(LVET)
DRAIZE9

MMAS

CM converted
value MRD50

(mg/mL)

1 Shampoo 7 HZA 100% Category 1 No category Category I Category III 37.8 1.18

2 Liquid Soap 1 HZB 25% No category No category Category III Category IV 20.7 2.80

3 Shampoo 1 HZC 25% No category No category Category III Category III 36.0 1.72

4 Shampoo 5 HZD 25% No category No category Category III Category III 19.5 2.78

5 Gel Cleanser HZE 100% No category No category Category I Category III 22 3.19

6 Baby Shampoo 2 HZF 100% Category 1 No category Category I Category III 37.5 1.50

7 Shampoo 8 HZG 25% No category No category Category III Category III 17.8 2.80

8 Eye Makeup re. HZH 100% No category No category Category IV Category IV 2.3 20.0

9 Skin Cleaner HZI 100% Category 1 Category 2B Category I Category I 41.0 1.09

10 Mild Shampoo HZJ 100% No category No category Category IV Category IV 8.2 6.38

11 Bubble bath HZK 100% Category 1 Category 2B Category I Category I 39.7 0.97

12 Foam Bath HZL 100% Category 1 No category Category I Category III 37.8 1.09

13 Shampoo 3 HZM 25% No category No category Category III Category III 12.7 3.11

14 Shampoo 6 HZN 25% No category No category Category III Category III 18.0 2.56

15 Baby Shampoo 1 HZP 100% No category No category Category III Category III 11.7 2.45

16 Cleansing Gel HZQ 100% No category No category Category III Category IV 17.2 5.85

17 Facial Cleansing Foam HZR 25% No category No category Category I Category III 39.0 5.60

18 Shower Gel HZS 100% Category 1 Category 2B Category I Category I 41.4 1.13

19 Polishing Scrub HZT 100% No category No category Category IV Category IV 7.0 30.9

20 Hand Soap HZU 25% No category No category Category III Category III 33.7 4.85

21 Shampoo 4 HZV 25% No category No category Category III Category III 25.2 2.34

22 Liquid Soap 2 HZW 25% 2B No category Category III Category III 31.0 2.64

23 Shampoo 2 HZX 100% Category 1 No category Category I Category III 40.0 1.20

24 Shampoo AntiD HZY 100% Category 1 Category 2B Category I Category II 43.0 1.14

25 Facial Cleanser HZZ 100% No category No category Category IV Category IV 3.7 >168.9

5MMAS scores reported in Gettings et al. (1996)

1GHS=Globally Harmonized System (UN [2003])

CTFA Phase III Cytosensor In Vitro Data
DRAIZE & LVET In Vivo Eye Classifications

3EPA=U.S. Environmental Protection Agency (EPA [1996]).
4Toxicity Category I for the Primary Eye Irritation Study = Corrosive, or corneal involvement or irritation not reversible within 21 days; Category II = Corneal
involvement or irritation clearing in 8-21 days; Category III = Corneal involvement or irritation clearing in 1-7 days; Category IV: minimal effects clearing in less than 24
hr

2Eye Irritant Category 1 = irreversible effects on the eye/serious damage to the eye; Category 2A = reversible effects on the eye/irritating to the eyes; Category 2B =
reversible effects on the eye/mildly irritating to the eyes; No category = no effects on the eye

2850

�

C-171

Appendix C – Summary Review Document



EPA Toxicity Labeling Background Review Document 5 Test Method Data and Results

EPA BRD-Final Report Page 78 of 215

5.3.1.3 COLIPA Validation study for eye irritation2851
2852

In 1995/1996 the European Cosmetics, Toiletry and Perfumery Association2853
(COLIPA) sponsored an international validation study of in vitro eye irritation2854
methods (Brantom, Bruner et al. 1997). The COLIPA study used a set of 552855
cosmetic formulations and ingredients - a large proportion of which were pure2856
surfactants or surfactant based formulations - to assess the ability of in vitro2857
methods to predict eye irritation potential. Two laboratories conducted the CM assay2858
according to a standardized protocol (Annex A2) which used an 810 second2859
exposure time. Raw data from the studies conducted by Microbiological Associates,2860
Inc. and CellTox AB were obtained from the archives of the Institute for In Vitro2861
Sciences, Inc. Mean data from these two laboratories for each chemical are2862
presented in Table 5-5.2863

2864
The reference data for the COLIPA study came from three main sources; two2865

for the neat chemicals and one for the formulations. The data for the chemicals2866
came from the ECETOC data bank (ECETOC 1992) and the EU isolated cornea2867
study (Gautheron, Giroux et al. 1994). All of these data are now available in a new2868
edition of the ECETOC data bank (ECETOC 1998). The raw animal data are also2869
found in Annexes C7&C8.2870

2871
Thirty-two formulations were used in the COLIPA study, and the Draize2872

scores for these formulations come from Draize tests conducted contemporaneously2873
with this study. The formulations were newly prepared for the COLIPA study, but2874
most were based on formulations that had been tested in Phases I, II, and III of the2875
CTFA evaluation program (Feder, Lordo et al. 1991; Gettings, Dipasquale et al.2876
1994; Gettings, Lordo et al. 1996). Thus, it is likely that for the formulations, the in2877
vitro tests were challenged with exactly the same material as the in vivo test. The2878
same cannot be said for the chemicals since historical data were used for them.2879
Because the evaluation of formulations (anti-microbial cleaning products) is the2880
focus of this BRD, only the results with the formulations, or with pure surfactants,2881
from the COLIPA study will be addressed here,2882

2883
There were 19 surfactants and surfactant-containing materials which had2884

data from the two participating CM laboratories. An overall summary of the COLIPA2885
study including the chemical identities, animal scores and in vitro scores (averages2886
from MA and CellTox AB) are given in Table 5-5. The formulations are included in2887
Annex B5.2888

2889
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Table 5-5 Summary of Cytosensor and in vivo data from the COLIPA study which includes2890
average values (see footnotes) from MA and CellTox AB laboratories (Brantom, Bruner et al.2891
1997).2892

2893

COLIPA
chemical
number

Substance Concentration
Tested

n. of
animals

In Vivo
GHS1,2

In Vivo
EPA3,4

ECETOC
MMAS
Score5

Average MRD50
(mg/mL)

5 Shampoo no. 1 - normal 100% 3 Category 1 Category I 33.3 0.735
6 Eye make-up remover 100% 3 No Category Category IV 0.7 93.5

11 Polyethylene glycol 400 100% 6 No Category Category IV 0.0 306.4

13 Triton X-100 1% 3 No Category Category III 1.7 19.0

15 Tween 20 100% 4 No Category Category III 4.0 6.50

17 Sodium lauryl sulphate 3% 6 No Category Category III 16.0 3.00

20 Triton X-100 [2] 5% 6 Category 2A Category III 32.3 3.54

21 Benzalkonium chloride [1] 1% 4 Category 2A Category I 34.3 4.22
21 Benzalkonium chloride [2] 1% 6 Category 1 Category I 56.3 4.22

23 Sodium lauryl sulphate 15% 6 Category 1 Category I 59.2 0.513

24 Sodium lauryl sulphate 30% 6 Category 2A Category II 60.5 0.312*

25 Triton X-100 10% 6 Category 1 Category II 59.0 1.85

26 Benzalkonium chloride 5% 4 Category 1 Category I 83.8 1.095

27 Benzalkonium chloride 10% 3 Category 1 Category I 108.0 0.314

28 Pump deodorant / antiperspirant 100% 3 No Category Category III 14.7 33.54

34 Gel cleanser 100% 3 No Category Category III 15.7 5.58
36 Shampoo - baby 100% 3 Category 1 Category I 36.0 2.33

39 Liquid soap no.1 100% 3 Category 1 Category I 37.0 0.78

49 Skin cleanser 100% 3 Category 1 Category I 34.3 0.70

52 Cetylpyridinium bromide 6% 4 Category I Category I 85.8 1.36*

* - MA value only, CellTox AB designated unsuitable for testing

4Toxicity Category I for the Primary Eye Irritation Study = Corrosive, or corneal involvement or irritation not reversible within 21 days;

3EPA=U.S. Environmental Protection Agency (EPA [1996])

5MMAS scores reported in Harbell et al. (1999)

COLIPA study - Surfactants and Sufactant-based Formulations
Cytosensor and In Vivo Eye Irritation Classifications

2Eye Irritant Category 1 = irreversible effects on the eye/serious damage to the eye; Category 2A = reversible effects on the eye/irritating to
the eyes; Category 2B = reversible effects on the eye/mildly irritating to the eyes; No category

1GHS=Globally Harmonized System (UN [2003])

2894
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5.3.2 EpiOcular2896
2897

Participating companies submitted EpiOcular data for 61 test samples having2898
formulations similar to those found in typical cleaning product formulations. The raw2899
animal data can be found in Annex C1. After evaluating the animal data (both LVET2900
data and Draize data) it was found that the animal data were insufficient to2901
accurately calculate EPA toxicity Categories for 6 materials due to termination of the2902
animal test prior to 21 days or individual animal data were not provided. Thus 552903
materials remained for which there were both EPA Categories and EpiOcular ET502904
information. Twenty-five materials were paired with LVET data (Table 5-8) and 302905
were paired with Draize data (Table 5-6). Tables 5-7 and 5-9 give the distribution of2906
materials in Tables 5-6 and 5-8, respectively.2907

2908
Data from another set of studies conducted to validate the EpiOcular assay2909

were also submitted for this BRD. Seventy-three surfactants or surfactant-based2910
materials (or dilutions of materials) were tested in these studies. However, the2911
EpiOcular protocol used in those studies differs (a dilution of the test material was2912
performed before the testing) from the protocol being proposed in this BRD;2913
therefore, these studies will be presented only as supporting information for2914
interlaboratory reproducibility (Section 7.2.3).2915

2916
Table 5-6 EpiOcular data paired with the Draize test2917

#1 #2 #3 (DRAIZE) (DRAIZE) 1 2A 2B NI I II III IV
H 0.1 AL SU Non-irritant Category II 0 9 1 10 0 10 10 0 9.4
I 0.1 SU AL Non-irritant Category III 0 0 0 20 0 0 10 10 12
J 0.1 SU Non-irritant Category III 0 0 0 20 0 0 20 0 19.3
K 0.1 RC SU Non-irritant Category IV 0 0 0 20 0 0 0 20 > 240
P 0.1 Phenolic AL Non-irritant Category IV 0 0 0 1 0 0 0 1 125.8
R 0.1 SU Non-irritant Category IV 0 0 0 20 0 0 0 20 > 240
T 0.1 AC Non-irritant Category IV 0 0 0 1 0 0 0 1 31.6
W 0.1 SU Non-irritant Category IV 0 0 0 20 0 0 0 20 39.6
CJ 84 mg solid Category 1 Category I 1 0 0 0 1 0 0 0 2.9
AG 0.1 AL Category 1 Category I 20 0 0 0 20 0 0 0 <0.17
AH 0.1 AL SU Category 1 Category I 18 2 0 0 19 0 1 0 0.4
AI 0.03 AL SU Category 1 Category I 16 4 0 0 16 0 4 0 <0.17
AJ 0.03 AL SU Category 1 Category I 20 0 0 0 20 0 0 0 <0.17
AK 0.1 AL SO SU Category 1 Category I 20 0 0 0 20 0 0 0 <0.17
AL 0.03 AL SO SU Category 2A Category I 10 10 0 0 10 0 10 0 <0.17
AM 0.1 SO AL Category 1 Category I 20 0 0 0 20 0 0 0 <0.17
AN 0.03 AL SU Category 1 Category I 19 1 0 0 16 4 0 0 1.5
AO 0.03 AL SO SU Category 1 Category I 20 0 0 0 20 0 0 0 <0.17
AP 0.03 AL SU Category 1 Category I 16 4 0 0 16 0 4 0 <0.17
AT 0.1 RC AL Category 1 Category I 20 0 0 0 19 1 0 0 <1
AU 0.1 RC AL Category 1 Category I 20 0 0 0 20 0 0 0 <1
AV 0.1 RC AL Category 1 Category I 1 0 0 0 1 0 0 0 <1
AX 0.03 SO AL Category 1 Category I 19 1 0 0 16 3 1 0 <0.17
BB 0.1 SO SCNM Category IV 0 0 0 0 0 0 0 20 >240
BE 0.1 AC SU Non-irritant Category III 9 0 0 11 0 0 16 4 4
BJ 0.1 AL SU Non-irritant Category III 0 0 10 10 0 0 20 0 2.1
BK 0.1 SO Non-irritant Category III 0 0 0 1 0 0 1 0 9.4
BM 0.1 SO Non-irritant Category IV 0 0 0 20 0 0 0 20 4.9
BL 0.1 SO Non-irritant Category IV 0 0 0 20 0 0 0 20 6.7
BN 0.1 SU Non-irritant Category IV 0 0 0 1 0 0 0 1 1.8

AC = Acid; AL = Alkaline (base); RC = Reactive Chemistry (Oxidizer); SO = Solvent; SU = Surfactant; SCNM = Study Criteria Not Met

(3 rabbit subgroups)

EpiOcular Data Paired With DRAIZE - Defined Toxicity Categories
EpiOcular
ET50 (min)

Code
Number

In Vivo
Dosing
Volume

Formulation Type In Vivo GHS In Vivo EPA GHS Categories EPA Categories
(3 rabbit subgroups)

2918
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2919
Table 5-7 Distribution of product categories for EpiOcular data paired with the Draize test2920

2921
Product

Categories
Number of

products tested
Surfactants 5

Acids 2
Alkaline 11

Oxidizers 4
Solvent 6
Other 2
Total 30

2922
2923

Table 5-8 EpiOcular data paired with LVET data2924

#1 #2 #3 (LVET) (LVET) 1 2A 2B NI I II III IV
CY SU SO Category 1 Category I 1 0 0 0 1 0 0 0 2.85
DC RC SU Category 1 Category I 1 0 0 0 1 0 0 0 1.1 59.67
DH RC SU Category 1 Category I 1 0 0 0 1 0 0 0 0.7 60
DD RC SU Category 2A Category II 0 1 0 0 0 1 0 0 0.9 49.333
CK SU Non-irritant Category III 0 0 0 1 0 0 1 0 21.75 6
CN SO Category 2B Category III 0 0 1 0 0 0 1 0 49.5 18.333
CQ SU Non-irritant Category III 0 0 0 1 0 0 1 0 29.5 13
CS SU Non-irritant Category III 0 0 0 1 0 0 1 0 23.8 4
CU* SU AL Non-irritant Category III 0 0 0 20 0 0 16 4 20.25 5.5
CV RC AL SU Category 2A Category III 0 1 0 0 0 0 1 0 16 11.5

CW* SU SO Non-irritant Category III 0 0 0 20 0 0 20 0 13.7 10.2
CX SU SO Non-irritant Category III 0 0 0 1 0 0 1 0 11.2 21.7
DB RC AL Non-irritant Category III 0 0 0 1 0 0 1 0 1.7 7
DG* SU SO Category 2B Category III 0 0 20 0 0 0 20 0 0.75 27.2
DI* SU Non-irritant Category III 0 0 4 16 0 0 20 0 0.484 17.2
DK RC AL Category 2A Category III 0 1 0 0 0 0 1 0 0.167 33
CO SO Non-irritant Category IV 0 0 0 1 0 0 0 1 47.6 4
CP SU SO Non-irritant Category IV 0 0 0 1 0 0 0 1 29.5 0
CR SU SO Non-irritant Category IV 0 0 0 1 0 0 0 1 26.1 2.667
CT SU SO Non-irritant Category IV 0 0 0 1 0 0 0 1 20.8 2.667
CZ RC SO AC Non-irritant Category IV 1 1 2.1 0
DA RC SU SO Non-irritant Category IV 1 1 1.9 0
DE RC SO Non-irritant Category IV 1 1 0.85 0
DF SO Non-irritant Category IV 0 0 0 1 0 0 0 1 0.8 1.333
DJ SO Non-irritant Category IV 0 0 0 1 0 0 0 1 0.45 1.333

* Six animal subgroups were used to determine GHS and EPA categories
AC = Acid; AL = Alkaline (base); RC = Reactive Chemistry (Oxidizer); SO = Solvent; SU = Surfactant

(3 rabbit subgroups) LVET MAS

EpiOcular Data Paired With LVET - Defined Toxicity Categories
Code

Number
Formulation Type In Vivo GHS In Vivo

EPA
GHS Categories EPA Categories EpiOcular

ET50 (min)(3 rabbit subgroups)

2925
2926

Table 5-9 Distribution of product categories for EpiOcular data paired with the LVET test2927
Product

Categories
Number of

products tested
Surfactants 12

Acids 0
Alkaline 0

Oxidizers 9
Solvent 4
Other 0
Total 25

2928
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5.3.3 BCOP2929

5.3.3.1 Data from participating companies2930
2931

Participating companies submitted BCOP data for 38 test samples having2932
formulations similar to those found in typical cleaning product formulations. The raw2933
animal data can be found in Annex C1. After evaluating the animal data (all Draize2934
data for these samples), it was found that they were insufficient to accurately2935
calculate EPA toxicity Categories for 8 materials due to termination of the animal2936
test prior to 21 days or individual animal data were not provided. Thus 30 materials2937
remained for which there were both EPA Categories and BCOP information. These2938
30 materials are highlighted in Table 5-10.2939

2940
In addition to the company submissions, we were able to obtain raw data2941

from 25 materials from the CTFA Phase III study (Gettings, Lordo et al. 1996) on2942
surfactants and surfactant containing materials (which are similar to the materials2943
used in many anti-microbial cleaning products). Both LVET and Draize test data2944
were obtained for all 25 materials allowing a comparison between these two rabbit2945
eye test methodologies.2946

2947
We were also able to obtain raw data from the European Commission/British2948

Home Office (EC/HO) study (Balls, Botham et al. 1995) which tested a range of2949
materials including 15 surfactants. All animal studies (historically derived data) were2950
conducted with the traditional Draize methodology. Table 5-10 details the BCOP2951
data from participating companies paired with Draize-defined toxicity categories.2952
Table 5-11 gives the distribution of the BCOP data from Table 5-10.2953

2954
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Table 5-10 BCOP data from participating companies paired with Draize-defined toxicity2955
categories (with the exception of two materials which were defined using the LVET assay).2956
Highlighted materials were the original 30 materials submitted.2957

2958
* = Materials tested in the LVET assay2959
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Table 5-11 Distribution of materials conducted in the BCOP assay.2960
Product

Categories
Number of

products tested
Surfactants 18

Acids 7
Alkaline 14

Oxidizers 16
Solvent 12
Other 1
Total 68

2961

5.4 Use of coded chemicals and compliance with GLP Guidelines2962
2963

5.4.1 Company-submitted anti-microbial cleaning product in vitro data2964
2965

Because some of the in vitro data were submitted to IIVS in spreadsheets, it2966
was impossible to determine which data were generated under GLP compliance and2967
which were not. However, all of the BCOP data (Section 6.3.2.2.1) generated after2968
the original submissions were conducted with full GLP compliance.2969

2970
Essentially all of the company-submitted in vitro data generated for anti-2971

microbial cleaning products and similar formulations were generated using coded2972
chemicals.2973

2974

5.4.2 Data obtained from secondary sources2975
2976

Both in vitro and in vivo data obtained from publications or internal records for2977
the CTFA Phase III study (Gettings, Lordo et al. 1996) were generated with full GLP2978
compliance. Coded test materials were used for both the in vitro and in vivo portion2979
of this study.2980

2981
In vitro data from the COLIPA study (Brantom, Bruner et al. 1997) were2982

generated with full GLP compliance, but some of the in vivo data were obtained2983
from historical sources so it could not be determined whether or not all of these tests2984
were done with GLP compliance. The data for formulations conducted in the2985
COLIPA study were generated with coded test materials, but it could not be2986
determined if all of the substances were tested as coded materials.2987

2988
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6 Test Method Predictive Capacity2989

Prediction models for each of the three in vitro assays were constructed2990
using the same approach (a graphical one). For each model all the paired in vitro2991
and in vivo data provided were used, and the in vitro data were plotted against the in2992
vivo-defined toxicity category (both EPA and GHS). In some cases only LVET data2993
was available and in other cases only Draize data. Generally each type of data was2994
analyzed separately, although we generally concluded that the prediction models2995
were the same regardless of the in vivo assay used.2996

2997
Once the data were graphed, cut-off lines were fitted by eye to provide the2998

“best” predictions. A description of these cut-offs then became the prediction model.2999
Our strategy in setting the cut-offs was to minimize under predictions of toxicity at3000
the expense of over predictions. Of course, over and under predictions are3001
somewhat arbitrary terms since we have shown earlier in this BRD (Section 4.8.1)3002
that repeated three-rabbit eye irritation tests do not necessarily provide identical3003
toxicity classifications. In other words, a second rabbit test may over or under3004
predict the first test.3005

3006
Although data from the testing of anti-microbial cleaning products (and3007

related cleaning products) were primarily used to set the cut-offs, additional data3008
from chemically related formulations and some pure substances (e.g. surfactants)3009
were used to provide supporting information for our decisions.3010

6.1 Cytosensor predictive capacity3011
3012

6.1.1 Using the LVET assay to define a prediction model for the CM3013
3014

EPA Labeling Categories3015
3016

The distribution of product categories originally submitted with both animal3017
eye irritation data (LVET) and Cytosensor in vitro data is shown in Table 6-1. It can3018
be seen that there were significantly more surfactants than any other product3019
category tested with the Cytosensor. No oxidizing formulations were tested using3020
the Cytosensor.3021

3022
Table 6-1 Distribution of product categories originally submitted with both3023
animal eye irritation data and Cytosensor in vitro data.3024

Product
Categories

Number of
products tested

Oxidizers 0
Surfactants 82
Acids 1
Bases 4
Solvents 18
Total 105
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3025
As the first step towards determining a prediction model for CM data, we3026

created a scatter plot showing the MRD50 for each material plotted against the EPA3027
labeling category that had been determined by an LVET assay. Figure 6-1 shows3028
the distribution of MRD50 values for all of the 105 antimicrobial cleaning products for3029
which paired animal data and CM data were available). We then wished to3030
determine if the results were distributed in such a way that the products with3031
different EPA labeling categories could be easily separated. It is immediately3032
apparent from Figure 6-1 that the distribution of MRD50 scores across the EPA3033
labeling categories is not random. EPA Category I and II materials all have MRD50’s3034
<1 mg/mL., and only Category IV materials have MRD50 values >80 mg/mL. This3035
distribution allowed us to set cut-off values by eye for predicting EPA labeling3036
categories. We attempted to choose cut-offs conservatively with a bias towards3037
having as few under predictions as was reasonable. No statistical methods were3038
employed to construct the proposed prediction model.3039

3040
Beginning with predictions of the most severe labeling categories, we found3041

that it was not possible to envision a cut-off value that would distinguish Category I3042
materials from Category II materials because of the significant overlap of their3043
MRD50 values. Thus we chose to identify all materials in both of the highest toxicity3044
categories with a conservatively set cut-off value of 2.0 mg/mL. A materials whose3045
MRD50 value is <2.0 mg/mL will be labeled as an EPA I. MRD50 values of all3046
Category I & II materials in this dataset fall below this cut-off. Thus all materials with3047
MRD50 values below 2.0 mg/mL must be given the most severe designation –3048
Category I.3049

3050
Similarly, MRD50 values for EPA Category III and IV materials have3051

significant overlap, although at least three of the Category IV materials have MRD503052
scores � 80 mg/mL. Thus it is possible to suggest an upper cut-off limit of MRD50 >3053
80 mg/mL to separate some EPA Category IV materials from Category III materials.3054
Materials whose MRD50 values are �2 mg/mL and <80 mg/mL are defined as being3055
EPA Category III. No animal-defined Category I or II materials are underpredicted3056
by this proposed prediction model. However, since many Category III materials and3057
a few of the Category IV materials fall below the 2.0 mg/mL proposed cut-off for3058
Category I materials, many EPA Category III and a few EPA Category IV materials3059
will be over predicted, and hence over labeled. This outcome has been accepted by3060
the manufacturers who have co-authored this BRD.3061

3062
Figure 6-1 shows a plot of MRD50 values versus EPA category assignments3063

(by LVET) with the above-proposed cut-off values added. Included in Figure 6-1 are3064
three materials for which two sets of animal results were available. Data from both3065
LVET trials have been included to underscore the variability of the animal test and3066
indicate that no in vitro test can be expected to predict a given animal score any3067
better than a second animal test itself might be expected to do. It can be seen that3068
for Material 1022, for example, the results of the two animal tests differed by two full3069
classifications (an EPA I versus an EPA III)! The two other materials each differed3070
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by a single category. Formulation 1056 was categorized as an EPA I in one trial3071
and an EPA II in the second; formulation 1079 was categorized as an EPA III in one3072
trial and an EPA IV in the second. A fourth material also had two sets of animal3073
data reported, but this material is not specifically indicated since both of the animal3074
tests predicted the same EPA category.3075

3076
3077

Cytosensor vs. EPA (LVET)
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3078
Figure 6-1 Cytosensor MRD50 values plotted against EPA toxicity categories determined by3079
the LVET. Suggested cut-off values with their predicted EPA categories are included. There3080
are 105 unique materials; however, 3 materials are graphed with 2 different EPA categories3081
since they were tested twice in the animal trials with different results each time.3082

3083
The following contingency table (Table 6-2) gives an analysis of the3084

performance based on the cut-offs shown in Figure 6-1. The data in this table3085
indicate that the proposed cut-offs make this a very conservative model for the3086
prediction of materials whose EPA toxicity category is greater than III. One hundred3087
percent of the animal test determined EPA Categories I and II were captured by this3088
model. There were no underpredictions of Category I or II materials. In addition3089
there were no underpredictions of Category III materials; all were predicted as3090
Category III or higher. The discordant results for the CM assay and EPA toxicity3091
categories are shown in Table 6-3. There were no underpredictions of the EPA3092
category for any material; however, 39% of solvents and 78% of surfactants were3093
overpredicted.3094

3095
What occurs as a consequence of the conservative cut-offs is that many3096

materials are overpredicted relative to their toxicity category as determined by the3097
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animal test. All of the Category II materials are overpredicted as Category I’s, and3098
67% of the Category III materials are overpredicted as Category I’s. Since the CM3099
can’t distinguish between Category I and Category II, Category I is assumed as the3100
worst case for materials with MRD50’s < 2 mg/ml. Eighty-nine percent of the3101
Category IV materials are overpredicted as Category III (75%) or I (14%) materials.3102

3103
Table 6-2 Contingency table depicting the accuracy and predictivity of the CM assay for EPA3104
toxicity categories (determined by positive responses in the LVET) using cut-off values of3105
MRD50 > 80 mg/mL = IV, 80 mg/mL >MRD50 > 2 mg/mL = III, and MRD50 < 2 mg/mL = I. The3106
model does not propose to differentiate between EPA Category I and II materials. The total3107
number of materials is listed as 108 since the three materials with differing repeat animal3108
scores were each scored twice.3109

3110
CM Predicted EPA CategoryLVET- Determined

EPA Category I III IV Total
Concordance

Toxicity
over

predicted

Toxicity
under

predicted
I 9 0 0 9 100% NA 0%
II 11 0 0 11 0% 100% 0%
III 40 20 0 60 33% 67% 0%
IV 4 21 3 28 11% 89% NA
Total 64 41 3 108 30%
Predictivity 14% 49% 100%
Category under
predicted NA 0% 0%

Category over
predicted 86% 51% NA

3111
The practical advantage of such a model is that the very low irritating3112

materials (Category III’s and IV’s) can be easily identified and an appropriate toxicity3113
category applied. This will clearly result in some over labeling (75% of animal-3114
determined IV’s will be over labeled as III’s), but the participating companies have3115
accepted that this degree of over labeling will occur. The EPA appears to concur3116
with this type of approach since the EPA label Review Manual (2003) states (for3117
primary eye irritation of Category IV) that “…the registrant may choose to use3118
Category III labeling.”3119

3120
An additional analysis was conducted to compare the performance of the prediction3121
model with each of the different product formulation types. Table 6-3 presents the3122
under and overpredictions associated with each product type. It can be seen that3123
none of the product types was underpredicted. The surfactants had the highest over3124
prediction rate (78%), however the sample size for the other product classes,3125
especially the acids and bases, was probably too low to make a meaningful3126
comparison.3127

3128
3129
3130
3131
3132
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Table 6-3 Prediction results for the CM assay and EPA toxicity categories by product3133
formulation type. Number of each product tested and percentage (in parentheses).3134

3135
Solvents Surfactants Bases Acids

Under predicted 0 0 0 0
Correctly Predicted 11 (61%) 19 (22%) 2 (50%) 0
Over Predicted 7 (39%) 66 (78%) 2 (50%) 1 (100%)

3136
3137

GHS Labeling Categories3138
3139

A similar exercise to that shown for developing an EPA category prediction3140
model was conducted using GHS toxicity categories. Figure 6-2 shows the CM3141
MRD50’s plotted against LVET-determined GHS categories. It can be seen that a3142
much different pattern results with a greater number of formulations classified as3143
non irritating in the GHS system as compared to the number that fall into the EPA3144
non irritating category of IV’s. As a result, the cut-off between NI materials and the3145
2B and higher categories was lowered to 10 mg/ml. The next lower cut-off to identify3146
strongly irritating (GHS 1) materials could be set conservatively at 2 mg/ml, the3147
same as was done for the EPA classification. Because of the overlap of MRD503148
values for category 1 and 2A materials, no cut-off is proposed to separate these two3149
groups. Thus materials with MRD50’s <2.0 mg/ml will be categorized as 1’s, those3150
with MRD50’s � 2.0 and <10 mg/mL will be categorized as 2B’s, and those materials3151
with MRD50’s � 10 mg/mL will be categorized as 2A’s.3152

3153
Again materials with two sets of animal data are also indicated on the graph.3154

Three of four replicated materials had differing GHS categories depending on the3155
animal study used. Each of the three differed by one category between the two3156
trials.3157

3158
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Cytosensor vs. GHS (LVET)
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3159
Figure 6-2 Cytosensor MRD50 values plotted against GHS toxicity categories determined by3160
the LVET. All materials except oxidizing formulations are graphed. Suggested cut-off values3161
with their predicted GHS categories are included. There are 105 unique materials; however, 33162
materials have 2 GHS categories each since they were tested twice in the animal trials.3163

3164
The following contingency table (Table 6-4) gives an analysis of the3165

performance based on the cut-offs shown in Figure 6-2. The data in this table3166
indicate that the proposed cut-offs make this a very conservative model for the3167
prediction of materials whose GHS toxicity category is greater than 2B. One3168
hundred percent of the animal test-determined GHS Categories 1 and 2A were3169
captured by this model. There were no underpredictions of Category 1 or 2A3170
materials. In addition there were no underpredictions of Category 2B materials; all3171
were predicted as Category 2B or higher. The discordant results for the CM assay3172
and GHS toxicity categories are shown in Table 6-5. There were no3173
underpredictions of the GHS category for any material; however, 28% of solvents3174
and 80% of surfactants were overpredicted.3175

3176
What occurs as a consequence of the conservative cut-offs is that many3177

materials are overpredicted relative to their toxicity category as determined by the3178
animal test. All of the Category 2A materials are overpredicted as Category 1’s, and3179
89% of the Category 2B materials are overpredicted as Category 1’s. Since the CM3180
can’t distinguish between Category 1 and Category 2A, Category 1 is assumed as3181
the worst case for materials with MRD50’s < 2 mg/ml. Sixty-four percent of the3182
Nonirritant materials are overpredicted as Category 2B (27%) or 1 (36%) materials.3183

3184
3185
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Table 6-4 Contingency table depicting the accuracy and predictivity of the CM assay for GHS3186
toxicity categories (determined by positive responses in the LVET) using cut-off values of3187
MRD50 � 10 mg/mL = NI, 10 mg/mL >MRD50 � 2 mg/mL = 2B, and MRD50 < 2 mg/mL = I. The3188
model does not propose to identify GHS Category 2A materials. The total number of materials3189
is listed as 108 since the three materials with differing repeat animal scores were each scored3190
twice.3191

3192
CM Predicted GHS CategoryLVET- Determined

GHS Category 1 2B NI Total
Concordance

Toxicity
over

predicted

Toxicity
under

predicted

1 8 0 0 8 100% NA 0%
2A 15 0 0 15 0% 100% 0%
2B 17 2 0 19 11% 89% 0%
NI 24 18 24 66 36% 64% NA
Total 64 20 24 108 31%
Predictivity 13% 10% 100%
Category under
predicted NA 0% 0%

Category over
predicted 88% 90% NA

3193
3194

Over and under predictions by formulation type3195
3196

An additional analysis was conducted to compare the performance of the3197
prediction model with each of the different product formulation types. Table 6-53198
presents the under and overpredictions associated with each product type. It can be3199
seen that none of the product types was underpredicted. The surfactants had the3200
highest over prediction rate (80%), however the sample size for the other product3201
classes, especially the acids and bases, was probably too low to make a meaningful3202
comparison.3203

3204
Table 6-5 Number of discordant results (and percentages) for the CM assay and GHS toxicity3205
categories.3206

3207
Solvents Surfactants Bases Acids

Under predicted 0 0 0 0
Correctly Predicted 13 (72%) 17 (20%) 4 (100%) 0
Over Predicted 5 (28%) 68 (80%) 0 1 (100%)

3208

6.1.1.1 Secondary analysis of acidic and alkaline materials3209
3210

The first pass analysis described above utilized all of the submitted materials3211
(with the exception of oxidizing formulations) for which adequate animal data were3212
available to determine an EPA or GHS category. However, there has always been3213
some concern that the CM should not be used for acidic or alkaline materials (pH �3214
4.0 or �10.0). Therefore, we conducted a second analysis in which materials fitting3215
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the above acid or alkaline definitions (or for which one of the 3 product activity3216
categories was described as acid or alkaline) were omitted from the database.3217

3218
Table 6-6 describes the seventeen materials identified as fitting the3219

description as acid or alkaline. It can be seen that all of the materials were EPA3220
Category III or IV materials and that none of the materials were underpredicted by3221
the CM assay as might be hypothesized from the operation of the CM (cells3222
exposed to an increasing dilution series of the test material which might quickly3223
change the pH).3224

3225
Table 6-6 Distribution of EPA categories for the 17 materials from the CM database classified3226
as acid or alkaline.3227

3228
CM-defined EPA Category

LVET-defined EPA Category I III IV
III 1 7 0
IV 0 9 0

3229
Figure 6-3 shows the distribution of MRD50 values for the non-acidic, non-3230

alkaline materials plotted against EPA labeling categories (determined by the3231
LVET). Even with the seventeen acidic/alkaline materials removed, there is not a3232
significant change in the distribution among EPA determined categories. The same3233
cut-off values as determined for Figure 6-1 were used.3234
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3235
Figure 6-3 Cytosensor MRD50 values plotted against EPA toxicity categories determined by3236
the LVET. Only non-acidic, non-alkaline materials are graphed. Suggested cut-off values with3237
their predicted EPA categories are included. There are 100 unique materials; however, 33238
materials have 2 values since they were tested twice in the animal trials.3239
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3240
As expected from the results shown in Table 6-7, the performance of the CM3241

assay is very similar when the acid and alkaline materials are removed (Table 6-73242
versus Table 6-2). There are still no underpredictions and while positive predictive3243
values increase somewhat, the concordance decreases somewhat (due to the3244
removal of 2 Category III materials which were correctly predicted by the CM). Thus3245
we do not feel that acid or alkaline materials need to be excluded from analysis by3246
the Cytosensor and propose to keep them in the applicability domain for the CM3247
assay. The discordant results for the CM assay and EPA toxicity categories without3248
acid/alkaline materials are shown in Table 6-8. There were no underpredictions of3249
the EPA category for any material; however, 39% of solvents and 78% of3250
surfactants were still overpredicted.3251

3252
Table 6-7 Contingency table depicting the accuracy and predictivity of the CM assay for EPA3253
toxicity categories (determined by positive responses in the LVET) of non-acidic, non-alkaline3254
materials using cut-off values of MRD50 � 80 mg/mL = IV, 80 mg/mL >MRD50 � 2 mg/mL = III,3255
and MRD50 < 2 mg/mL = I. The model does not propose to identify EPA Category II materials.3256

3257
CM Predicted EPA CategoryLVET- Determined

EPA Category
I III IV Total

Concordance
Toxicity

over
predicted

Toxicity
under

predicted
I 9 0 0 9 100% NA 0%
II 11 0 0 11 0% 100% 0%
III 40 18 0 58 31% 69% 0%
IV 4 18 3 25 12% 88% NA
Total 64 36 3 103 29.1%
Predictivity 14.1% 50% 100%
Category under
predicted NA 0% 0%
Category over
predicted 85.9% 50% NA

3258
A similar exercise was conducted using GHS toxicity categories. Figure 6-43259

shows the CM MRD50’s plotted against LVET-determined GHS categories with the3260
seventeen acidic/alkaline materials removed. Even with the seventeen3261
acidic/alkaline materials removed, there is not a significant change in the distribution3262
among GHS determined categories. The same cut-off values as determined for3263
Figure 6-2 were used.3264

3265
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3266
Figure 6-4 Cytosensor MRD50 values plotted against GHS toxicity categories determined by3267
the LVET. Only non-acidic, non-alkaline materials are graphed. Suggested cut-off values with3268
their predicted GHS categories are included. There are 100 unique materials; however, 33269
materials have 2 values since they were tested twice in the animal trials.3270

3271
As expected from the results shown in Table 6-9, the performance of the CM3272

assay is very similar when the acid and alkaline materials are removed (Table 6-93273
versus Table 6-4). There are still no underpredictions and while positive predictive3274
value increase somewhat, the concordance decreases somewhat (due to the3275
removal of 4 Nonirritant materials which were correctly predicted by the CM). Thus3276
we do not feel that acid or alkaline materials need to be excluded from analysis by3277
the Cytosensor and propose to keep them in the applicability domain for the CM3278
assay.3279

3280
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Table 6-8 Contingency table depicting the accuracy and predictivity of the CM assay for GHS3281
toxicity cate8gories (determined by positive responses in the LVET) using cut-off values of3282
MRD50 � 10 mg/mL = NI, 10 mg/mL >MRD50 � 2 mg/mL = 2B, and MRD50 < 2 mg/mL = I. The3283
model does not propose to identify GHS Category 2A materials.3284

3285
CM Predicted GHS CategoryLVET- Determined

GHS Category 1 2B NI Total
Concordance

Toxicity
over

predicted

Toxicity
under

predicted

1 8 0 0 8 100% NA 0%
2A 15 0 0 15 0% 100% 0%
2B 17 2 0 19 11% 89% 0%
NI 24 17 20 61 33% 67% NA
Total 64 19 20 103 29%
Predictivity 13% 11% 100%
Category under
predicted NA 0% 0%

Category over
predicted 87% 89% NA

3286

6.1.2 Using the Draize assay to define a prediction model for the CM3287
3288

Since the above analyses were conducted with EPA or GHS categories3289
determined by the LVET, we next evaluated whether similar prediction models3290
would have been developed if the traditional Draize test were used to obtain EPA3291
classifications. It is known that the LVET gives somewhat lower MAS scores than3292
does the Draize test, but the LVET is still more sensitive – and thus overpredictive –3293
of the human response (see discussion in Section 4.7). We found two studies which3294
used materials (surfactants and surfactant-containing formulations) similar to those3295
which are the focus of this BRD (anti-microbial cleaning products). One of the two3296
studies - the CTFA Phase III study - is important because it uses both LVET and3297
Draize evaluation of surfactant-containing products; hence the results using the two3298
methods can be directly compared for an identical set of formulations (see Table 5-3299
4). The second study – the COLIPA study - used only the Draize test for3300
characterization, but it contained some formulations similar to those which are being3301
used in this BRD.3302

3303

6.1.2.1 CTFA Phase III Evaluation3304
3305

Previous analysis (Cytosensor BRD prepared for ECVAM) of the CTFA3306
Phase III study indicated that the lower cut-off value to identify EPA Category I3307
materials should be set at 2 mg/mL, identical to that which we have proposed in the3308
preceding analysis of the data submitted specifically for this BRD. There are some3309
differences in the chemical makeup of the two data sets, but they do overlap3310
considerably in the type of chemical formulation, both data sets being highly biased3311
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towards surfactant-based formulations. The distribution of product categories3312
submitted with CTFA Phase II in vitro and Cytosensor data is shown in Table 6-11.3313

3314
Table 6-9 Distribution of product categories originally3315
submitted with both animal eye irritation data and CTFA3316
Phase III in vitro data.3317

Product
Categories

Number of
products tested

Oxidizers 0
Surfactants 25
Acids 0
Bases 0
Solvents 0
Total 25

3318
Further analysis of this study brings up the importance of being aware of the3319

variability of the animal test in making EPA toxicity category decisions. Figure 6-53320
shows that there are 2 Category I materials (identified as Facial Cleaning Foam and3321
Gel Cleanser) which would be identified as being underpredicted (relative to the3322
Draize classifications) by the CM assay (they both have MRD50 values >2 mg/mL).3323
In order to begin to understand these apparent underpredictions, the individual3324
animal scores for both six-rabbit tests were examined. Since the EPA currently3325
accepts the results from three rabbit tests, we parsed the 6- rabbit test data into 203326
unique, but equally likely, subgroups of three rabbit results. EPA grading criteria3327
were then applied to each of the three-rabbit subgroups and an EPA toxicity3328
Category determined (see Table 4-16). For the Gel Cleanser, even though the six-3329
rabbit calculation gave a Category I result, only ten (of twenty) three-rabbit3330
subgroups received a score of Category I; the other ten received a score of3331
Category III. The same results were found for the Facial Cleaning Foam; ten three-3332
rabbit subgroups received a score of Category I, and the other ten received a score3333
of Category III. Thus if the test were performed repeatedly on the two materials3334
using today’s three-rabbit test standard, 50% of the time the materials would be3335
graded as Category III and 50% of the time they would be graded as Category I - a3336
difference of 2 toxicity classification grades! Thus it is extremely hard to say that the3337
CM truly underpredicts the irritation potential of these two materials.3338

3339
An additional insight from the CTFA Phase III study is the apparent over3340

classification of the surfactant-based personal care products relative to their3341
intended use (often on the face and around the eyes). A large number of these3342
commonly used personal care products fall into EPA Category I (10 out of 25) when3343
they are tested using the Draize test; however, they are categorized somewhat3344
lower, and possibly more realistically when using the LVET.3345

3346
It appears from an examination of the Figure 6-5 and Tables 6-12 & 6-14 that3347

a decision on where to place the cut-off values would be very similar whether the3348
LVET or the Draize data were used as the basis.3349
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Figure 6-5 Plot of CM data versus both LVET- and Draize-defined EPA Categories for the 253351
surfactant-based personal care products tested in the CTFA Phase III (Gettings, Lordo et al.3352
1996) evaluation using cut-off values of MRD50 � 80 mg/mL = IV, 80 mg/mL >MRD50 � 2 mg/mL3353
= III, and MRD50 < 2 mg/mL = I. The model does not propose to identify EPA Category II3354
materials.3355

3356
The following contingency tables (Table 6-12 & 6-14) give an analysis of the3357

performance based on the cut-offs shown in Figure 6-5 for the LVET-determined3358
EPA category or the Draize-determined EPA category, respectively. One hundred3359
percent of the LVET-determined EPA Category I materials were captured by this3360
model; however, 20% of the Draize-determined EPA Category I materials were3361
underpredicted by the CM. In contrast, 38% of LVET-determined EPA Category III3362
materials were overpredicted, whereas, only 9% of Draize-determined EPA3363
Category III materials were overpredicted. The discordant results for the CM assay3364
and EPA toxicity categories are shown in Table 6-13 & 6-15. There were no3365
underpredictions of the LVET-determined EPA category, but 8% of Draize-3366
determined EPA category was underpredicted. There was a significant amount of3367
overprediction for both LVET and Draize–determined EPA categories mainly due to3368
the EPA Category IV materials being overpredicted as Category III.3369

3370
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Table 6-10 Contingency table presenting the accuracy and predictivity of the CM for EPA3371
toxicity categories (LVET-determined) for the 25 surfactant-based personal care products in3372
the CTFA Phase III study (Gettings, Lordo et al. 1996).3373

3374

LVET Category Predicted by CM
LVET- Determined
EPA Category I III IV Total

Concordance
Toxicity

over
predicted

Toxicity
under

predicted
I 3 0 0 3 100% NA 0%
II 0 0 0 0 0% 0% 0%
III 6 10 0 16 63% 38% 0%
IV 0 5 1 6 17% 83% NA
Total 9 15 1 25 56%
Predictivity 33% 67% 100%
Category under
predicted NA 0% 0%

Category over
predicted 67% 33% NA

3375
Table 6-11 shows the overall results based on product category – in this3376

instance for surfactants only.3377
3378
3379

Table 6-11 Discordant results for the CTFA CM study3380
and EPA toxicity categories (LVET-determined).3381

Surfactants
Under predicted 0
Correctly Predicted 14
Over Predicted 11

3382
3383

Table 6-12 Contingency table presenting the accuracy and predictivity of the CM for EPA3384
toxicity categories(Draize-determined) for the 25 surfactant-based personal care products in3385
the CTFA Phase III study (Gettings, Lordo et al. 1996).3386

3387

Draize Category Predicted by CMDraize-
Determined EPA
Category I III IV Total

Concordance
Toxicity

over
predicted

Toxicity
under

predicted
I 8 2 0 10 80% NA 20%
II 0 0 0 0 0% 0% 0%
III 1 10 0 11 91% 9% 0%
IV 0 3 1 4 25% 75% NA
Total 9 15 1 25 76%
Predictivity 89% 67% 100%
Category under
predicted NA 13% 0%

Category over
predicted 11% 20% NA

3388
3389
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Table 6-13 shows the overall results based on product category – in this3390
instance for surfactants only.3391

3392
Table 6-13 Discordant results for the CTFA CM study3393

and EPA toxicity categories (Draize-determined).3394
Surfactants

Under predicted 2 (8%)
Correctly Predicted 19 (76%)
Over Predicted 4 (16%)

3395
3396

6.1.2.2 COLIPA Evaluation3397
3398

The distribution of product categories for the COLIPA in vitro and Cytosensor3399
data is shown in Table 6-14. The COLIPA evaluation was for surfactant and3400
surfactant-containing materials only.3401

3402
Table 6-14 Distribution of product categories originally submitted3403
with both animal eye irritation data and COLIPA in vitro data.3404

3405
Product
Categories

Number of
products tested

Oxidizers 0
Surfactants 19
Acids 0
Bases 0
Solvents 0
Total 19

3406
Figures 6-6 & 6-7 show MRD50 scores obtained in the COLIPA evaluation of3407

in vitro assays for eye irritation. The cut-off values for MRD50 scores have been3408
empirically chosen to identify, where possible, the various toxicity categories. In3409
attempting to select cut-off values we first tried those that were chosen from the3410
CTFA Phase III studies (see preceding sections). Since these appeared adequate,3411
we continued the analysis with these values for the sake of consistency. As with the3412
CTFA Phase III studies, in the case of the GHS system and the EPA system which3413
have 4 categories, the overlap of MRD50 response was so large that it was deemed3414
impossible to differentiate between the two middle categories (either EPA II and III3415
or GHS 2A and 2B) from each other. This analysis was made even more difficult3416
because of the distribution of the toxicity classifications. There were only two GHS3417
Draize determined 2A or 2B materials. Hence only upper (to possible identify non-3418
irritants) and lower (to possibly identify severe irritants) cut-off values are shown.3419

3420
For the COLIPA GHS data set (Figure 6-6), it appeared a cut-off value of3421

>10 mg/mL might be appropriate to identify the GHS nonirritants from the more3422
irritating materials while a higher cut-off of 80 mg/ml seemed appropriate to use with3423
the EPA classifications. The cut-off of <2 mg/ml was retained for identifying both3424
GHS 1 or EPA I materials. However, as seen in most of the previous analyses, there3425
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were very few materials in the GHS 2A or 2B, or EPA II categories. This makes it3426
difficult to determine exactly where the cut-off between these intermediate irritating3427
categories and the mild categories lies. Additionally the EPA classification had only3428
two Category IV materials, again making a decision for a cut-off problematic. Hence3429
only upper (to possible identify non-irritants) and lower (to possibly identify severe3430
irritants) cut-off values are shown on the scatter plots. Products falling between3431
these limits are considered Category III.3432

3433
When CM MRD50’s were plotted against the EPA categorization scheme3434

(Figure 6-7), there were two Category I materials (labeled #21 and #36 on the3435
scatter plot) that appeared to be underpredicted as Category III’s. However, material3436
#21 (1% benzalkonium chloride) has two sets of animal test data reported in the3437
ECETOC eye irritation report (ECETOC 1992) from which the COLIPA study took its3438
in vivo data. We chose to graph the highest category data, but the EPA category of3439
the replicate animal test was a Category 3 – the same as was estimated by the3440
Cytosensor MRD50. When the second underpredicted EPA Category 1 material was3441
decoded it was found to be a baby shampoo formulation. Thus the two EPA3442
Category I “underpredictions” may not be as much of a concern as first suspected.3443

3444
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3445
Figure 6-6 Surfactant and surfactant-containing formulation results of the COLIPA study3446
related to GHS classification. Data points indicate the mean MRD50 for both laboratories (with3447
the exception of two data points where only one laboratory made the determination). In some3448
cases data points have been slightly offset along the X-axis in order to clearly separate them3449
from data of similar magnitude.3450
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3451
Figure 6-7 Surfactant and surfactant-containing formulation results of the COLIPA study3452
related to EPA classification. Data points indicate the mean MRD50 for both laboratories with3453
the exception of 24 and 52 which were done in one laboratory only. In some cases data points3454
have been slightly offset along the X-axis in order to clearly separate them from data of3455
similar magnitude. The individual materials can be identified by comparing the numbers3456
adjacent to the symbols with the numbering code given in Table 5.3.1.3.3457

3458
Contingency Tables 6-15 & 6-17 give an analysis of the performance based3459

on the cut-offs show in Figures 6-6 & 6-7, respectively. It appears from the graphs3460
that the CM does not have the ability to clearly separate the surfactants or3461
surfactant-containing materials used in the COLIPA study into the four Draize test3462
defined GHS or EPA Categories. However, severe irritants seem to be reasonably3463
predicted when MRD50 scores of less than 2 are used. Using this lower cut-off value,3464
there is a high positive predictive value for GHS Category 1 (80%; 8 of 10 materials)3465
and EPA Category I (78%; 7 of 9 materials). There also seems to be good3466
predictivity for EPA Category III materials and possibly for the Category IV materials3467
as well.3468

3469
Even though the positive predictive value was high using a lower cut-off of3470

MRD50 <2 mg/ml, the sensitivity was lower, with several chemicals being3471
underpredicted by at least one toxicity category by the GHS, and EPA classification3472
system. Overpredictions of mild materials (GHS Nonirritant, and EPA IV), did not3473
occur as often. One very important conclusion from both the CTFA Phase III study3474
and the COLIPA study is that the prediction model (cut-off values) determined for3475
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the CM using the traditional Draize assay is identical to the prediction model3476
determined using the LVET assay.3477

3478
The discordant results for the CM assay and the GHS & EPA toxicity3479

categories are shown in Tables 6-16 & 6-18, respectively. The majority of the3480
materials were correctly predicted with 63% correctly predicted with the GHS3481
category and 79% correctly predicted with the EPA category. The amount of3482
underprediction was 16% for the GHS category and 11% for the EPA category.3483

3484
Table 6-15 COLIPA surfactant and surfactant containing materials. Contingency table3485
depicting the concordance and predictivity of the CM assay for GHS toxicity classifications3486
when the cut-off values shown in Figure 6-6 are applied.3487

3488
GHS Category Predicted by CMDraize Determined

GHS Category 1 2B NI Total
Concordance Toxicity

Overpredicted
Toxicity

Underpredicted
1 8 2 0 10 80% NA 20%
2A 1 1 0 2 0% 50% 50%
2B 0 0 0 0 0% 0% 0%
NI 0 3 4 7 57.1% 42.9% NA
Total 9 6 4 19 63.1%
Predictivity 88.9% 0% 100.0%
Category
Underpredicted

NA 50% 0%

Category
Overpredicted

11.1% 50% NA

3489
Table 6-16 Discordant results for the COLIPA CM3490

study and GHS toxicity categories.3491
Surfactants

Under predicted 3 (16%)
Correctly Predicted 12 (63%)
Over Predicted 4 (21%)

3492
Table 6-17 COLIPA surfactant and surfactant containing materials - Contingency table3493
depicting the concordance and predictivity of the CM assay for EPA toxicity classifications3494
when the cut-off values shown in Figure 6-7 are applied.3495

3496
EPA Category Predicted By CMDraize Determined

EPA Category I III IV Total
Concordance Toxicity

Overpredicted
Toxicity

Underpredicted
I 7 2 0 9 77.8% NA 22.2%
II 2 0 0 2 0% 100% 0%
III 0 6 0 6 100% 0% 0%
IV 0 0 2 2 100% 0% NA
Total 9 8 2 19 78.9%
Predictivity 77.8% 75% 100%
Category
Underpredicted NA 25% 0%

Category
Overpredicted 22.2% 0% NA

3497
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Table 6-18 Discordant results for the COLIPA CM3498
study and EPA toxicity categories.3499

Surfactants
Under predicted 2 (11%)
Correctly Predicted 15 (78%)
Over Predicted 2 (11%)

3500

6.1.3 Cytosensor studies without animal data3501
3502

Many companies do not currently conduct rabbit eye irritation tests on3503
cleaning products; hence, many in vitro study data were submitted to this BRD3504
without accompanying animal data. We compared the distribution of these scores3505
using the same cut-off values for classification that were used in the analysis of the3506
predictive capacity of the CM for LVET-determined EPA toxicity Categories (see, for3507
example, Table 6-2). Figure 6-8 shows the distribution of CM scores for the products3508
without animal data. Using the previous suggested cut-offs (MRD50 � 80 mg/mL =3509
IV, 80 mg/mL >MRD50 � 2 mg/mL = III, and MRD50 < 2 mg/mL = I), 1.9% of the3510
materials would be Category IV’s, 24.7% would be Category III’s and 73.5% would3511
be Category I. This compares to the products with paired animal and CM data3512
analyzed in Table 6-2 where the materials assigned to categories by CM scores3513
were 2.8% Category IV’s, 38% Category III’s and 59% Category I’s. Thus it appears3514
that the distribution of CM-measured toxicities for the set of materials used to3515
determine cut-off values (those which were tested with both the rabbit test and the3516
CM test) were somewhat less irritating than those which were tested in the CM3517
alone.3518
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3519
Figure 6-8 Distribution of CM scores for the products without animal data using cut-offs of3520
MRD50 � 80 mg/mL = IV, 80 mg/mL >MRD50 � 2 mg/mL = III, and MRD50 < 2 mg/mL = I.3521

3522
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6.1.4 Conclusion for the Cytosensor assay3523
3524

The Cytosensor assay appears to be most useful at the less irritating portion of3525
the irritation spectrum. It is capable of identifying both Category III and IV materials,3526
although most Category IV materials will be overpredicted as Category III materials.3527
None of the 105 materials cleaning products were under predicted for LVET-defined3528
EPA toxicity categories. Over predictions were much more frequent, but this was3529
driven by the fact that the CM assay seems incapable of clearly differentiating3530
between Category I and Category II materials. In fact many Category III materials3531
(67%) were also over predicted as EPA Category I. The corporate participants have3532
agreed that this outcome of over labeling some materials is acceptable to them.3533

3534
Similar results were found with the prediction model for GHS categories, with the3535

exception that 36% of the GHS Non-irritating materials were clearly identified as3536
such by the CM. However only 11% of the GHS category 2B materials were3537
correctly identified; the rest were over predicted as Category 1.3538

3539
The corporate participants in this program have agreed that the outcome is3540

acceptable to them. Another assay (we propose BCOP) will be used as a second3541
tier test to differentiate EPA Category I from EPA Category II (and lower) materials,3542
if needed.3543

3544
Again it is important to note that the prediction model for both the GHS and3545

EPA toxicity categories is the same whether determined by the Draize assay or the3546
LVET assay.3547

3548
Historical knowledge of the performance of the Cytosensor assay plus3549

the preceding analysis of the Cytosensor data in this BRD have led us to the3550
following recommendations:3551

3552
1) Anti-microbial cleaning products having an oxidizing chemistry3553

should not be tested with the Cytosensor assay.3554
3555

2) Only fully water soluble anti-microbial cleaning products can be3556
tested with the Cytosensor assay.3557

3558
3) If the anti-microbial cleaning product has an MRD50 score of <23559

mg/ml, it is classified as EPA Category I or GHS Category 1.3560
3561

4) If the anti-microbial cleaning product has an MRD50 score of �23562
mg/ml, but < 80 mg/ml, it is classified as EPA Category III. If the anti-3563
microbial cleaning product has an MRD50 score of �2 mg/ml, but <103564
mg/ml, it is classified as GHS Category 2B.3565

3566
5) If the anti-microbial cleaning product has an MRD50 score of �803567

mg/ml, it is classified as EPA Category IV. If the anti-microbial3568
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cleaning product has an MRD50 score of �10 mg/ml, it is classified3569
GHS Category NI.3570

3571
6) (Optional) To determine if an anti-microbial cleaning product which3572

was categorized as either EPA I or GHS 1 is actually an EPA II or a3573
GHS 2A, it should be further tested in the BCOP assay.3574

3575
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6.2 EpiOcular predictive capacity3576
3577

6.2.1 Company submissions3578
3579

EPA Labeling Categories (LVET-determined)3580
3581

Table 6-21 gives the distribution of product categories originally submitted3582
with both animal eye irritation data (LVET) and EpiOcular in vitro data. This3583
distribution is more highly weighted to formulations having oxidizing chemistry than3584
is the total data submitted by participating companies for all of the other in vitro3585
tests.3586

3587
Table 6-19 Distribution of product categories originally submitted3588
with both animal eye irritation data (LVET) and EpiOcular data.3589

Product
Categories

Number of
products tested

Oxidizers 9
Surfactants 12
Solvents 4
Total 25

3590
Figure 6-9 shows the full distribution of ET50 values for all of the 25 materials3591

for which data were available when plotted against EPA labeling categories3592
(determined by the LVET). EPA categories are not equally represented since only3593
one Category II material and three Category I materials are present. This is not3594
surprising since this method was not intended for identifying more severe irritants. It3595
is immediately apparent from Figure 6-9 that the distribution of ET50 scores across3596
the EPA labeling categories is not random. EPA Category I materials have ET50’s3597
<4 min, while most EPA Category III and IV materials have ET50’s > 10 min. This3598
distribution allowed us to set cut-off values by eye for predicting EPA labeling3599
categories. We attempted to choose cut-offs conservatively with a bias towards3600
having as few under predictions as was reasonable. No statistical methods were3601
employed to construct the proposed prediction model. Thus – for this somewhat3602
limited data set - all materials in the highest toxicity category can be identified with a3603
cut-off value of 4 min. However, a number of the Category III and IV materials also3604
fall below this ET50 value.3605

3606
ET50 values for EPA Category III and IV materials have significant overlap.3607

Thus it is not possible from this data set to suggest an upper cut-off limit to separate3608
EPA Category IV materials from Category III materials. However, materials having3609
ET50 values above ~ 70 min would likely be Category IV materials. The3610
consequence of this is that many EPA Category III and a few EPA Category IV3611
materials would be overpredicted. Figure 6-9 shows a plot of ET50 values versus3612
EPA category classification (by LVET) with the above proposed cut-off values3613
added.3614
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Figure 6-9 EpiOcular ET50 values plotted against EPA categories determined by the LVET.3617
Suggested cut-off values with their predicted EPA categories are included.3618

3619
The contingency table (Table 6-20) gives an analysis of the performance3620

based on the cut-offs shown in Figure 6-9. The data in this table indicate that the3621
proposed cut-offs make this a very conservative model for the prediction of3622
materials whose EPA toxicity category is greater than III. There was a significant3623
amount of overprediction for EPA Category IV materials (100%); however, there3624
were no underpredictions for any of the EPA categories.3625

3626
Table 6-20 Contingency table depicting the accuracy and predictivity of the EpiOcular assay3627
for EPA toxicity categories (determined by the LVET) using cut-off values of ET50 � 70 min =3628
IV, and ET50 < 4 min = I. ET50 values �4 min and <70 min are predicted to be EPA III. The model3629
does not propose to identify EPA Category II materials.3630

EpiOcular Predicted EPA Category
LVET- Determined
EPA Category I III IV Total Concordance

Toxicity
over

predicted

Toxicity
under

predicted
I 3 0 0 3 100% NA 0%
II 1 0 0 1 0% 100% 0%
III 4 8 0 12 67% 33% 0%
IV 5 4 0 9 0% 100% NA
Total 13 12 0 25 44%
Predictivity 23% 67% 0%
Category under
predicted NA 0% 0%
Category over
predicted 77% 33% NA
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3631
An additional analysis was conducted to compare the performance of the3632

prediction model with each of the different product formulation types. Table 6-213633
presents the under and overpredictions associated with each product type. It can be3634
seen that none of the product types was underpredicted; however, 75% of solvents,3635
42% of surfactants, and 67% of oxidizers were overpredicted3636

3637
Table 6-21 Prediction results for the EO assay and EPA toxicity categories3638
by product formulation type. Number of each product tested and percentage3639
(in parentheses)..3640

3641
Solvents Surfactants Oxidizers

Under predicted 0 0 0
Correctly Predicted 1 (25%) 7 (58%) 3 (33%)
Over Predicted 3 (75%) 5 (42%) 6 (67%)

3642
3643

It appears that almost all of the oxidizing formulations (8 out of 9) are3644
predicted to be Category I materials by the EpiOcular assay, even though their in3645
vivo irritation potential appears to vary considerably (from Category IV to Category I)3646
in the animal test. This may be a reflection of the epithelial-only nature of the3647
EpiOcular tissue. In this model, it may be possible for the oxidizing formulations to3648
kill almost all of the EpiOcular tissue in vitro (and thus have the highest score3649
possible which would be a Category I), while in vivo the material might penetrate3650
only a small way past the epithelium into the stroma and thus cause a toxicity that3651
would be a Category III or at the most a Category II. Because of these significant3652
(all of the over predictions were by at least 2 toxicity categories) and consistent3653
overpredictions, we suggest that oxidizers be tested only in the BCOP assay.3654
Figure 6-10 shows the distribution of full ET50 values for all of the 16 materials for3655
which data were available when plotted against EPA labeling categories3656
(determined by the LVET) without the oxidizers.3657
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3658
Figure 6-10 EpiOcular ET50 values plotted against EPA categories determined by the LVET.3659
Oxidizers have been removed since they will be tested only in the BCOP assay. Suggested3660
cut-off values with their predicted EPA categories are included.3661

3662
The contingency table (Table 6-24) gives an analysis of the performance3663

based on the cut-offs shown in Figure 6-10. The data in this table indicate that the3664
proposed cut-offs make this a very conservative model for the prediction of3665
materials whose EPA toxicity category is greater than III with the caveat that no3666
Category II materials were available for this analysis. All animal test-determined3667
EPA Category I formulations were captured by this model. There were no3668
underpredictions of Category I materials. In addition there were no underpredictions3669
of Category III materials; all were predicted as Category III or higher.3670

3671
What occurs as a consequence of the conservative cut-offs is that many3672

materials are overpredicted relative to their toxicity category as determined by the3673
animal test (LVET). Twenty-two percent of the Category III materials are3674
overpredicted as Category I’s, and 100% of the Category IV materials are3675
overpredicted as Category III or I materials.3676

3677
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Table 6-22 Contingency table depicting the accuracy and predictivity of the EpiOcular assay3678
for EPA toxicity categories (determined by the LVET) using cut-off values of ET50 � 70 min =3679
ET50 values �4 min and <70 min are predicted to be EPA III IV, and ET50 < 4 min = I. ET503680
values �4 min and <70 min are predicted to be EPA III. The model does not propose to identify3681
EPA Category II materials.3682

3683
EpiOcular Predicted EPA CategoryLVET- Determined

EPA Category
I III IV Total

Concordance
Toxicity

over
predicted

Toxicity
under

predicted
I 1 0 0 1 100% NA 0%
II 0 0 0 0 0% 0% 0%
III 2 7 0 9 78% 22% 0%
IV 2 4 0 6 0% 100% NA
Total 5 11 0 16 50%
Predictivity 20% 64% 0%
Category under
predicted

NA 0% 0%

Category over
predicted

80% 36% NA

3684
3685

The discordant results for the EpiOcular assay and EPA toxicity categories3686
without oxidizers are shown in Table 6-23. Because the prediction model was not3687
changed, the results for the solvents and surfactants remain the same as in Table 6-3688
21.3689

3690
Table 6-23 Prediction results for the EO assay and EPA toxicity categories by3691
product formulation type. Number of each product tested and percentage (in3692
parentheses).3693

3694
Solvents Surfactants

Under predicted 0 0
Correctly Predicted 1 (25%) 7 (58%)
Over Predicted 3 (75%) 5 (42%)

3695
The practical advantage of such a model is that the very low irritating3696

materials (Category III’s and IV’s) can be identified and an appropriate toxicity3697
category applied. This will clearly result in some over labeling (67% of animal-3698
determined IV’s will be over labeled as III’s and 33% as I’s), but the participating3699
companies have accepted this degree of over labeling will occur. Alternatively, all of3700
the EO predicted Category I materials could be retested in the BCOP assay. The3701
EPA appears to concur with this type of approach, at least for over labeling by one3702
category, since the EPA label Review Manual (2003) states (for primary eye3703
irritation of Category IV) that “…the registrant may choose to use Category III3704
labeling.”3705
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GHS Labeling Categories (LVET-determined)3706
3707

It can be seen from Figure 6-11 that the distribution of ET50 scores across the3708
GHS labeling categories is not random. All GHS Category 1 materials have ET50’s3709
<4 min, while most GHS Category 2B and Nonirritant materials have ET50’s > 103710
min. Thus – for this somewhat limited data set - all materials in the highest toxicity3711
category can be identified with a cut-off value of 4 min. However, a number of the3712
Category 2B and Nonirritant materials also fall below this ET50 value.3713

3714
ET50 values for GHS Category 2B and Nonirritant materials have3715

considerable overlap. However, due to the limited number of Category 2B data3716
points, it is not possible from this data set to suggest an upper cut-off limit to3717
separate GHS Category 2B materials from Nonirritant materials. Materials having3718
ET50 values above ~ 70 min would likely be Nonirritant materials. The consequence3719
of this is that many GHS Category 2B and a few Nonirritant materials would be3720
overpredicted.3721

3722
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3723
Figure 6-11 EpiOcular ET50 values plotted against GHS categories determined by the LVET.3724
Suggested cut-off values with their predicted GHS categories are included.3725

3726
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The contingency table (Table 6-24) gives an analysis of the performance3727
based on the cut-offs shown in Figure 6-11. The data in this table indicate that the3728
proposed cut-offs make this a very conservative model for the prediction of3729
materials whose GHS toxicity category is greater than 2B. There was a significant3730
amount of overprediction for GHS Nonirritant materials (100%).3731

3732
Table 6-24 Contingency table depicting the accuracy and predictivity of the EpiOcular assay3733
for GHS toxicity categories (determined by the LVET) using cut-off values of ET50 � 70 min =3734
NL and ET50 < 4 min =1. The model does not propose to identify GHS Category 2A materials.3735

EpiOcular Predicted GHS Category
LVET- Determined
GHS Category 1 2B NI Total Concordance

Toxicity
over

predicted

Toxicity
under

predicted
1 3 0 0 3 100% NA 0%
2A 2 1 0 3 0% 67% 33%
2B 1 1 0 2 50% 50% 0%
NI 7 10 0 17 0% 100% NA
Total 13 12 0 25 16%
Predictivity 23% 8% 0%
Category under
predicted NA 8% 0%
Category over
predicted 77% 83% NA

3736
3737

An additional analysis was conducted to compare the performance of the3738
prediction model with each of the different product formulation types. Table 6-253739
presents the under and overpredictions associated with each product type. It can be3740
seen that none of the solvents or surfactants were underpredicted, but one of the3741
oxidizers was underpredicted. However, 75% of solvents, 92% of surfactants, and3742
67% of oxidizers were overpredicted.3743

3744
Table 6-25 Prediction results for the EO assay and GHS toxicity categories by product3745

formulation type. Number of each product tested and percentage (in parentheses).3746
3747

Solvents Surfactants Oxidizers
Under predicted 0 0 1 (11%)
Correctly Predicted 1 (25%) 1 (8%) 2 (22%)
Over Predicted 3 (75%) 11 (92%) 6 (67%)

3748
It appears that almost all of the oxidizing formulations (8 out of 9) are3749

predicted to be GHS Category 1 materials by the EpiOcular assay, even though3750
their in vivo irritation potential appears to vary considerably (from Nonirritant to3751
Category 1) in the animal test. Because of these significant and consistent3752
overpredictions, the data set we again analyzed without the oxidizing formulations3753
(Figure 6-12).3754

3755
3756
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3757
Figure 6-12 EpiOcular ET50 values plotted against GHS categories determined by the LVET.3758
Oxidizers have been removed since they will be tested only in the BCOP assay. Suggested3759
cut-off values with their predicted GHS categories are included.3760

3761
The contingency table (Table 6-26) gives an analysis of the performance3762

based on the cut-offs shown in Figure 6-12. The data in this table indicate that the3763
proposed cut-offs make this a very conservative model for the prediction of3764
materials whose GHS toxicity category is greater than Category 2B with the caveat3765
that no Category 2A materials were available for this analysis. All animal test-3766
determined GHS Category 1 formulations were captured by this model. There were3767
no underpredictions of Category 1 materials. In addition there were no3768
underpredictions of Category 2B materials; all were predicted as Category 2B or3769
higher.3770

3771
What occurs as a consequence of the conservative cut-offs is that many3772

materials are overpredicted relative to their toxicity category as determined by the3773
animal test (LVET). Fifty percent of the Category 2B materials are overpredicted as3774
Category 1’s, and 100% of the Nonirritant materials are overpredicted as Category3775
2B or 1 materials3776

3777
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Table 6-26 Contingency table depicting the accuracy and predictivity of the EpiOcular assay3778
for GHS toxicity categories (determined by the LVET) using cut-off values of ET50 � 70 min =3779
NL and ET50 < 4 min =1. The model does not propose to identify GHS Category 2A materials.3780

EpiOcular Predicted GHS Category
LVET- Determined
GHS Category 1 2B NI Total Concordance

Toxicity
over

predicted

Toxicity
under

predicted
1 1 0 0 1 100% NA 0%
2A 0 0 0 0 0% 0% 0%
2B 1 1 0 2 50% 50% 0%
NI 3 10 0 13 0% 100% NA
Total 5 11 0 16 13%
Predictivity 20% 9% 0%
Category under
predicted NA 0% 0%
Category over
predicted 80% 91% NA

3781
3782

The discordant results for the EpiOcular assay and GHS toxicity categories3783
without oxidizers are shown in Table 6-27. Since the prediction model did not3784
change from the previous analysis, there was no change for the other formulation3785
types from the analysis in Table 6-25.3786

3787
Table 6-27 Prediction results for the EO assay and GHS toxicity categories by product3788

formulation type. Number of each product tested and percentage (in parentheses).3789
3790

Solvents Surfactants
Under predicted 0 0
Correctly Predicted 1 (25%) 1 (8%)
Over Predicted 3 (75%) 11 (92%)

3791
The practical advantage of such a model is that the very low irritating3792

materials (Category 2B and Nonirritants) can be identified and an appropriate3793
toxicity category applied. This will clearly result in some over labeling (77% of3794
animal-determined Nonirritants will be over labeled as Category 2B and 23% as3795
Category 1), but the participating companies have accepted this degree of over3796
labeling will occur. Alternatively, all of the EO predicted Category 1 materials could3797
be retested in the BCOP assay.3798

3799
EPA Labeling Categories (Draize-determined)3800

3801
The above discussion of EPA and GHS toxicity categories (as determined by3802

the LVET assay) utilizes a relatively small data set. However, additional EO data3803
were available from company participants which were paired with Draize-determined3804
EPA and GHS categories. The distribution of product categories for the additional3805
data points is shown in Table 6-28.3806

3807
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Table 6-28 Distribution of product categories originally submitted3808
with both animal eye irritation data (Draize) and EpiOcular data.3809

3810
Product

Categories
Number of

products tested
Oxidizers 4

Surfactants 5
Solvents 6
Bases 11
Acids 1
Other 2
Total 29

3811
Figure 6-13 presents the additional data identified by their designated product3812

categories. Since the distribution pattern seemed to be similar to what was seen3813
earlier, the same cut-off values as were suggested by the previous analysis of the3814
LVET-determined EPA Categories were applied to this data set.3815

3816
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3817
Figure 6-13 EpiOcular ET50 values plotted against EPA categories determined by the Draize3818
test. Suggested cut-off values with their predicted EPA categories are included.3819

3820
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Again a contingency table was generated to quantitate over and3821
underpredictions. This is shown as Table 6-29. The data in this table indicate that3822
the proposed cut-offs are slightly less conservative than that shown with LVET-3823
designated EPA categories. The Category I materials are correctly predicted, but3824
the single Category II material is underpredicted. One of the Category III materials is3825
overpredicted, but the remainder of the Category III materials are appropriately3826
identified. Forty-four percent of the Category IV materials are overpredicted as III’s3827
and 11% (1 material) are overpredicted as I’s.3828

3829
Table 6-29 Contingency table depicting the accuracy and predictivity of the EpiOcular assay3830
for EPA toxicity categories (determined by the Draize test) using cut-off values of ET50 � 703831
min = IV, and ET50 < 4 min = I. The model does not propose to identify EPA Category II3832
materials.3833

3834
EpiOcular Predicted EPA CategoryDraize- Determined

EPA Category I III IV Total
Concordance

Toxicity
over

predicted

Toxicity
under

predicted
I 15 0 0 15 100% NA 0%
II 0 1 0 1 0% 0% 100%
III 1 3 0 4 75% 25% 0%
IV 1 4 4 9 44% 56% NA
Total 17 8 4 29 76%
Predictivity 88% 38% 100%
Category under
predicted NA 12% 0%
Category over
predicted 12% 50% NA

3835
The discordant results for the EpiOcular assay and the Draize-derived EPA3836

toxicity categories are shown in Table 6-30. There was one underprediction of the3837
EPA category for a base material; however, 33% of solvents, 40% of surfactants,3838
9% of bases, and 100% of acids were overpredicted.3839

3840
Table 6-30 Prediction results for the EO assay and EPA toxicity categories by product3841

formulation type. Number of each product tested and percentage (in parentheses).3842
3843

Solvents Surfactants Oxidizers Bases Acids Other
Under predicted 0 0 0 1 (9%) 0 0
Correctly Predicted 4 (67%) 3 (60%) 4 (100%) 9 (82%) 0 2 (100%)
Over Predicted 2 (33%) 2 (40%) 0 1 (9%) 1 (100%) 0

3844
In this case (a different set of formulations; the Draize test used to determine3845

EPA hazard categories) the oxidizing formulations appear to have been correctly3846
predicted by the EO assay with the proposed cut-offs mentioned earlier. However,3847
to parallel the analysis of the preceding section, the oxidizing formulations were3848
removed and the data set re-evaluated in Figure 6-14.3849

3850
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3851
3852

Figure 6-14 EpiOcular ET50 values plotted against EPA categories determined by the Draize3853
test. Oxidizers have been removed since they will be tested only in the BCOP assay.3854
Suggested cut-off values with their predicted EPA categories are included.3855

3856
Again a contingency table was generated to quantitate over and3857

underpredictions. This is shown as Table 6-31. The data in this table indicate that3858
the proposed cut-offs are slightly less conservative than that shown with LVET-3859
designated EPA categories. The Category I materials are correctly predicted, but3860
the single Category II material is underpredicted. One of the Category III materials is3861
overpredicted, but the remainder of the Category III materials are appropriately3862
identified. Fifty percent of the Category IV materials are overpredicted as III’s and3863
thirteen percent are overpredicted as I’s.3864

3865
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Table 6-31 Contingency table depicting the accuracy and predictivity of the EpiOcular assay3866
for EPA toxicity categories (determined by the Draize test) using cut-off values of ET50 � 703867
min = IV, and ET50 < 4 min = I. The model does not propose to identify EPA Category II3868
materials.3869

3870
EpiOcular Predicted EPA CategoryDraize- Determined

EPA Category I III IV Total
Concordance

Toxicity
over

predicted

Toxicity
under

predicted
I 12 0 0 12 100% NA 0%
II 0 1 0 1 0% 0% 100%
III 1 3 0 4 75% 25% 0%
IV 1 4 3 8 38% 63% NA
Total 14 8 3 25 72%
Predictivity 86% 38% 100%
Category under
predicted

NA 12% 0%

Category over
predicted

14% 50% NA

3871
The discordant results by formulation type for the EpiOcular assay and3872

Draize-derived EPA toxicity categories are shown in Table 6-32. Since the3873
prediction model did not change, the results for all formulation types other than3874
oxidizers did not change from the analysis shown in Table 6-30.3875

3876
Table 6-32 Prediction results for the EO assay and EPA toxicity categories by product3877

formulation type. Number of each product tested and percentage (in parentheses).3878
3879

Solvents Surfactants Bases Acids Other
Under predicted 0 0 1 (9%) 0 0
Correctly Predicted 4 (67%) 3 (60%) 9 (82%) 0 2 (100%)
Over Predicted 2 (33%) 2 (40%) 1 (9%) 1 (100%) 0

3880
3881

GHS Labeling Categories (Draize-determined)3882
3883

The same data set of 29 additional materials discussed above was also3884
evaluated for the prediction of GHS categories, however only 28 materials had3885
sufficient animal data to provide a GHS classification. Figure 6-15 shows the3886
distribution of the materials with respect to GHS category and EpiOcular ET50 value.3887

3888
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3889
Figure 6-15 EpiOcular ET50 values plotted against GHS categories determined by the Draize.3890
Suggested cut-off values with their predicted GHS categories are included.3891

3892
A contingency table was generated to quantitate over and underpredictions3893

for the GHS labeling. This is shown as Table 6-35. The data in this table indicate3894
that the proposed cut-offs are slightly less conservative than that shown with LVET-3895
designated GHS categories. The Category 1 materials are correctly predicted, but3896
the single Category 2A material is overpredicted. Fify-eight percent of the Nonirritant3897
materials are overpredicted as Category 2B.3898

3899
Table 6-33 Contingency table depicting the accuracy and predictivity of the EpiOcular assay3900
for GHS toxicity categories (determined by the LVET) using cut-off values of ET50 � 70 min =3901
NL and ET50 < 4 min =1. The model does not propose to identify GHS Category 2A materials.3902

3903
EpiOcular Predicted GHS CategoryDraize- Determined

GHS Category 1 2B NI Total
Concordance

Toxicity
over

predicted

Toxicity
under

predicted
1 14 0 0 14 100% NA 0%
2A 1 0 0 1 0% 100% 0%
2B 0 0 0 0 NA NA NA
NI 2 7 3 12 25% 75% NA
Total 17 7 3 27 63%
Predictivity 82% 0% 100%
Category under
predicted

NA 0% 0%

Category over
predicted

18% 100% NA

3904
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The discordant results for the EpiOcular assay and Draize-derived GHS3905
toxicity categories are shown in Table 6-34. There were no underpredictions of the3906
GHS category for any material; however, 50% of solvents, 80% of surfactants, 27%3907
of bases, and 100% of acids were overpredicted.3908

3909
Table 6-34 Discordant results for the EpiOcular assay and GHS toxicity categories.3910

Solvents Surfactants Oxidizers Bases Acids Other
Under predicted 0 0 0 0 0 0
Correctly Predicted 2 (50%) 1 (25%) 4 (100%) 8 (73%) 0 2 (100%)
Over Predicted 2 (50%) 4 (75%) 0 3 (27%) 1 (100%) 0

3911
The oxidizing formulations appear to have been correctly predicted by the EO3912

assay with the proposed cut-offs mentioned earlier. However, the oxidizing3913
formulations were removed and the data set re-evaluated in Figure 6-16.3914

3915
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3916
Figure 6-16 EpiOcular ET50 values plotted against GHS categories determined by the Draize.3917
Oxidizers have been removed since they will be tested only in the BCOP assay. Suggested3918
cut-off values with their predicted GHS categories are included.3919

3920
A contingency table was generated to quantitate over and underpredictions3921

for the Draize-derived GHS labeling. This is shown as Table 6-35. The data in this3922
table indicate that the proposed cut-offs are slightly less conservative than that3923
shown with LVET-designated GHS categories. The Category 1 materials are3924
correctly predicted, but the single Category 2A material is overpredicted. Sixty-four3925
percent of the Nonirritant materials are overpredicted as Category 2B.3926

3927
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Table 6-35 Contingency table depicting the accuracy and predictivity of the EpiOcular assay3928
for GHS toxicity categories (determined by the LVET) using cut-off values of ET50 > 70 min =3929
NI and ET50 < 4 min =1. The model does not propose to identify GHS Category 2A materials.3930

3931
EpiOcular Predicted GHS CategoryDraize- Determined

GHS Category 1 2B NI Total
Concordance

Toxicity
over

predicted

Toxicity
under

predicted
1 11 0 0 11 100% NA 0%
2A 1 0 0 1 0% 100% 100%
2B 0 0 0 0 NA NA NA
NI 2 7 2 11 18% 82% NA
Total 14 7 2 23 57%
Predictivity 79% 0% 100%
Category under
predicted NA 0% 0%
Category over
predicted 21% 100% NA

3932
The discordant results by formulation type for the EpiOcular assay and3933

Draize-derived GHS toxicity categories are shown in Table 6-36. Since the3934
prediction model did not change, the results for all formulation types other than3935
oxidizers did not change from the analysis shown in Table 6-34.3936

3937
Table 6-36 Discordant results for the EpiOcular assay and GHS toxicity categories.3938

Solvents Surfactants Bases Acids Other
Under predicted 0 0 0 0 0
Correctly Predicted 2 (50%) 1 (25%) 8 (73%) 0 2 (100%)
Over Predicted 2 (50%) 4 (75%) 3 (27%) 1 (100%) 0

3939

6.2.2 Conclusion for EpiOcular studies3940
3941

Products used in the analysis of the EO performance had either Draize-3942
derived or LVET-derived EPA and GHS toxicity categories. The performance of the3943
EO assay varied somewhat depending on which of the in vivo assays was used,3944
however this difference may also have been due to a different distribution of3945
products. None the less the prediction model was determined to be the same3946
regardless of the in vivo assay type. Thus the following summary is based on the3947
combination of results from both in vivo assays.3948

3949
The EpiOcular assay (as has been suggested by several reports (Stern,3950

Klausner et al. 1998; Jones, Budynsky et al. 2001)) appears to be most useful at the3951
less irritating portion of the toxicity spectrum. It is capable of identifying both EPA3952
Category III and IV materials, although most Category IV materials will be3953
overpredicted as Category III materials. Only one of the forty-one materials (2%)3954
was under predicted for EPA toxicity categories. Over predictions were much more3955
frequent. The corporate participants have agreed that this outcome of over labeling3956
some materials is acceptable to them.3957
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Very similar results were found with the prediction model for GHS categories.3958
There were no under predictions of GHS toxicity categories regardless of whether3959
the categories were Draize-determined or LVET-determined.3960

3961
Another assay (we propose BCOP) will be used as a second tier test to3962

differentiate EPA Category I from Category II and less irritating materials, if needed.3963
3964

Historical knowledge of the performance of the EpiOcular assay plus3965
the preceding analysis of the EpiOcular data in this BRD have led us to the3966
following recommendations:3967

3968
1) Anti-microbial cleaning products having an oxidizing chemistry3969

should not be tested with the EpiOcular assay.3970
3971

2) Both water soluble and water insoluble anti-microbial cleaning3972
products can be tested with the EpiOcular assay.3973

3974
3) If the anti-microbial cleaning product has an ET50 score of <43975

minutes, it is classified as EPA Category I or GHS Category 1.3976
3977

4) If the anti-microbial cleaning product has an ET50 score of �43978
minutes, but <70 minutes, it is classified as EPA Category III or GHS3979
Category 2B.3980

3981
5) If the anti-microbial cleaning product has an ET50 score of �703982

minutes, it is classified as EPA Category IV or GHS Category NI.3983
3984

6) (Optional) To determine if an anti-microbial cleaning product which3985
was categorized as either EPA I or GHS 1 is actually an EPA II or a3986
GHS 2A, it should be further tested in the BCOP assay.3987
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6.3 BCOP predictive capacity3988

6.3.1 Overview3989
3990

As opposed to the Cytosensor and EpiOcular assays which were conducted3991
almost entirely in a retrospective fashion, i.e. both the in vitro and in vivo data had3992
been determined before the beginning of this project, the analysis of the BCOP3993
assay proceeded sequentially with in vitro data being produced prospectively3994
throughout the analysis period. An initial set of paired animal and BCOP data was3995
used to set potential cut-off values for the various EPA categories. Subsequently3996
new materials were received from many of the participants under code and these3997
materials were tested in a blind fashion under GLP-compliant conditions at IIVS.3998
Many of these materials had additional histopathological analysis which was3999
conducted either at IIVS or at a subcontractor who had been trained in4000
histopathological analysis of bovine corneas. The histopathological analysis was4001
conducted while the materials were still under code.4002

6.3.2 Analysis using only BCOP in vitro scores (no histopathology)4003

6.3.2.1 Original company data submissions4004
4005

Table 6-37 gives the distribution of materials in Figure 6-17. As seen with the4006
analysis of the Cytosensor and the EpiOcular assays, the distribution of product4007
categories is relatively uneven. Surfactants appear to be under represented when4008
compared to the information available for the other two in vitro assays.4009

4010
Table 6-37 Distribution of product categories originally submitted4011
with both animal eye irritation data and BCOP in vitro data.4012

4013
Product
Categories

Number of
products tested

Oxidizers 8
Surfactants 1
Acids 0
Bases 10
Solvents 9
Total 28

4014
4015

Figure 6-17 shows the distribution of the initial 28 BCOP in vitro scores4016
plotted against EPA labeling categories (determined by the Draize test). Six of these4017
materials were tested in a modified Draize protocol with a reduced volume (0.03 ml),4018
but since the results were scored as Category I even though a reduced volume was4019
used, it was decided that it was valid to use these data in the analysis.4020

4021
It is apparent from Figure 6-17 that the distribution of BCOP in vitro scores4022

across the EPA labeling categories is not random. Most EPA Category I materials4023
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have in vitro scores higher than 100 and none fall below 40. In contrast all EPA4024
Category IV materials have scores below 35. EPA Category III materials are widely4025
spread between in vitro scores of 20 and 80. This distribution allowed us to set cut-4026
off values by eye for predicting EPA labeling categories. We attempted to choose4027
cut-offs conservatively with a bias towards having as few under predictions as was4028
reasonable. No statistical methods were employed to construct the proposed4029
prediction model.4030

4031
It appears that all but one of the Category 1 materials is identified with a cut-4032

off greater than an in vitro score of 75. It appears that it is not possible to4033
differentiate between III’s and IV’s with a cut-off value, but both III’s and IV’s might4034
be identified with a cut-off of below an in vitro score of 35. Since the BCOP assay4035
does not differentiate between materials in the mild irritancy range as well as the4036
other assays in this BRD, a second assay such as EO or CM may be used to4037
demonstrate an EPA Category IV. Figure 6-17 shows a plot of BCOP in vitro scores4038
versus EPA category classifications (as determined by the Draize test) with the4039
above proposed cut-off values added.4040

4041
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Figure 6-17 BCOP in vitro scores plotted against EPA categories determined by the Draize4044
test. Proposed cut-off values with their predicted EPA categories are included.4045

4046
The following contingency table (Table 6-38) gives an analysis of the4047

performance based on the preliminary cut-offs shown in Figure 6-17. The data in4048
this table indicate that the proposed cut-offs make this a conservative model for the4049
prediction of materials whose EPA Category is I. Ninety-five percent of the in vivo-4050
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determined EPA Category I materials were captured by this model. There was only4051
one underprediction of a Category I material. However, there were no EPA Category4052
II materials in this initial data set; therefore, it is impossible to determine how well4053
the predicted cut-offs actually predict Category II materials.4054

4055
What occurs as a consequence of the conservative cut-offs is that many less4056

irritating materials are overpredicted relative to their toxicity category as determined4057
by the Draize animal test. With this prediction model all of the Category IV materials4058
are overpredicted as Category III’s, and 50% of the Category III materials are4059
overpredicted as Category II’s or Category I’s.4060

4061
Table 6-38 Contingency table (based on Figure 6-17) depicting the accuracy and predictivity4062
of the BCOP assay for EPA toxicity categories (determined by the Draize test) using cut-off4063
values of in vitro score � 75 = I, 75 > BCOP in vitro score � 35 = II, and BCOP in vitro score <4064
35 = III. Although the model does propose to identify EPA Category II materials, there are no4065
Category II’s in the data set to test the hypothesis. The model does not propose to identify4066
Category IV materials.4067

4068
BCOP Predicted EPA CategoryDraize- Determined

EPA Category
I II III Total

Concordance
Toxicity

over
predicted

Toxicity
under

predicted
I 18 1 0 19 94.7% NA 5.3%
II 0 0 0 0 0% 0% 0%
III 1 1 2 4 50% 50% 0%
IV 0 0 6 6 0% 100% NA
Total 19 2 8 29 69%
Predictivity 94.7% 0% 25.0%
Category under
predicted

NA 50% 0%

Category over
predicted

5.3% 50% 75.0%

4069
The discordant results assessed by product formulation for the BCOP assay4070

and EPA toxicity categories are shown in Table 6-39. There was one4071
underprediction of the EPA category for oxidizing materials; however, 60% of4072
solvents, 100% of surfactants, and 10% of bases were overpredicted.4073

4074
Table 6-39 Prediction results for the BCOP assay and EPA toxicity categories by product4075

formulation type. Number of each product tested and percentage (in parentheses).4076
4077

Solvents Surfactants Oxidizers Bases Acids
Under predicted 0 0 1 (12%) 0 0
Correctly Predicted 4 (40%) 0 7 (88%) 9 (90%) 0
Over Predicted 6 (60%) 1 (100%) 0 1 (10%) 0

4078
The practical advantage of such a model is that the very irritating materials4079

(Category I’s) can be easily identified and an appropriate toxicity category applied.4080
This will clearly result in some over labeling (all of in vivo EPA Category IV’s would4081
be over labeled as III’s), unless a second tier test was used to differentiate the4082
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Category IV’s from the Category III’s. The participating companies have accepted4083
that this degree of over labeling of Category IV’s will occur. As stated before, the4084
EPA appears to concur with this type of approach since the EPA label Review4085
Manual (2003) states (for primary eye irritation of Category IV) that “…the registrant4086
may choose to use Category III labeling.”4087

6.3.2.2 Further analysis4088

6.3.2.2.1 Additional materials tested and analyzed by EPA category4089
4090

In order to test the validity of the proposed BCOP prediction model, additional4091
cleaning products were solicited from the companies participating in creating this4092
submission. The greatest emphasis was placed on obtaining Category II materials4093
since none were present in the first set of submissions. However, obtaining4094
additional compounds to test proved difficult since many of the formulations for4095
which full animal data were available were no longer being marketed and thus would4096
only be available if the material were reformulated specifically for this project.4097
Additionally, obtaining EPA Category II formulations was problematic because few4098
Category II cleaning products appear to be currently marketed (personal experience4099
of submitter who searched retail stores). The highly aggressive Category I materials4100
are common since they are often highly concentrated industrial and institutional4101
cleaning products. Consumer products, on the other hand, are generally sold in a4102
more dilute form and are less irritating (Categories III and IV) than the industrial and4103
institutional products (personal communication, manufacturers participating in this4104
project).4105

4106
Thirty-seven additional materials (only 36 had sufficient data to obtain GHS4107

hazard categories) for which in vivo rabbit data (Draize or LVET) already existed4108
were eventually submitted during the course of this project for testing in the BCOP4109
assay. Each of these materials was submitted in a coded form so that the laboratory4110
conducting the BCOP assay (IIVS) would not be aware of the EPA classification4111
already assigned to the product by the animal test.4112

4113
When the 37 new materials (including more surfactants, as we had needed)4114

and their BCOP scores were added to the database, a new plot was constructed of4115
the BCOP in vitro scores versus the EPA categories (Figure 6-18). It appeared that4116
an in vitro score of 75 was still a satisfactory cut-off to separate EPA Category I4117
materials from Category II materials. Thus the additional of the 37 new data4118
points verified the originally postulated prediction model – an important4119
outcome when trying to validate a prediction model. With the addition of five4120
EPA Category II materials it appeared that the cut-off for conservatively separating4121
Category II from Category III materials should be lowered to an in vitro score of 25.4122
This allows three of the five Category II materials to be correctly identified, as well4123
as ensures that the three low-scoring Category I materials would not be4124
underpredicted by more than one toxicity category.4125

4126
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Figure 6-18 BCOP in vitro scores plotted against EPA categories determined by the Draize4129
test. Proposed cut-off values with their predicted EPA categories are included. The EPA4130
toxicity categories for test materials BR and BS were determined by using the results of an4131
LVET assay. The discussion of the materials labeled as “High solvent” occurs later in this4132
chapter.4133

4134
A contingency table (Table 6-40) was constructed using the information from4135

Figure 6-18. The results show that the BCOP assay performs well at identifying4136
Category I materials (positive predictive value of 87.1%) while also having high4137
sensitivity (90%) for Category I materials.4138

4139
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Table 6-40 Contingency table (based on Figure 6-18) depicting the accuracy and predictivity4140
of the BCOP assay for EPA classification (determined by the Draize test) using cut-off values4141
of in vitro score > 75 = I, 75 > BCOP in vitro score > 25 = II, and BCOP in vitro score < 25 = III.4142
The model does not propose to identify Category IV materials.4143

4144
BCOP Predicted EPA CategoryDraize- Determined

EPA Category
I II III Total

Concordance
Toxicity

over
predicted

Toxicity
under

predicted
I 27 3 0 30 90% NA 10%
II 1 3 1 5 60% 20% 20%
III 3 3 6 12 50% 50% 0%
IV 0 2 17 19 0% 100% NA
Total 31 11 24 66 54.5%
Predictivity 87.1% 27.3% 25%
Category under
predicted

NA 27.3% 4%

Category over
predicted

12.9% 45.5% 71%

4145
The discordant results assessed by product formulation for the BCOP assay4146

and EPA toxicity categories are shown in Table 6-41. There were five4147
underpredictions of the EPA category for base and oxidizing materials; however,4148
50% of solvents, 53% of surfactants, 19% of oxidizers, 21% of bases, 50% of acids,4149
and 100% of other materials were overpredicted.4150

4151
Table 6-41 Prediction results for the BCOP assay and EPA toxicity categories by product4152

formulation type. Number of each product tested and percentage (in parentheses).4153
Solvents Surfactants Oxidizers Bases Acids Other

Under predicted 0 0 3 (19%) 2 (14%) 0 0
Correctly Predicted 6 (50%) 8 (47%) 10 (62%) 9 (64%) 3 (50%) 0
Over Predicted 6 (50%) 9 (53%) 3 (19%) 3 (21%) 3 (50%) 1 (100%)

4154

6.3.2.2.2 Additional materials tested and analyzed by GHS toxicity category4155
4156

When the 36 new materials (only 37 had sufficient raw data to calculate GHS4157
hazard classifications) and their BCOP scores were added to the database, a new4158
plot was constructed of the BCOP in vitro scores versus the GHS categories (Figure4159
6-19). It appeared that an in vitro score of 75 was a satisfactory cut-off to separate4160
GHS Category 1 materials from GHS Category 2A materials. With the addition of six4161
GHS Category 2A materials it appeared that the cut-off for conservatively separating4162
GHS Category 2A from Category 2B materials should be an in vitro score of 25,4163
identical to the EPA toxicity categories II/III cut-off. This allows four out of eight GHS4164
Category 2A materials to be correctly identified, as well as ensures that the three4165
low-scoring GHS Category 1 materials would not be underpredicted by more than4166
one toxicity category.4167

4168
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4169
Figure 6-19 BCOP in vitro scores plotted against GHS categories determined by the Draize4170
test. Proposed cut-off values with their predicted GHS categories are included. The EPA4171
categories for test materials BR and BS were determined by using the results of an LVET4172
assay. The discussion of the materials labeled as “High solvent” occurs later in this chapter.4173

4174
A contingency table (Table 6-42) was constructed using the information from4175

Figure 6-19. The results show that the BCOP assay performs well at identifying EPA4176
Category 1 materials (positive predictive value of (81%) while also having high4177
sensitivity (89%) for Category I materials.4178

4179
Table 6-42 Contingency table (based on Figure 6-19) depicting the accuracy and predictivity4180
of the BCOP assay for GHS toxicity categories (determined by the Draize test) using cut-off4181
values of a BCOP in vitro score � 75 = 1, 75 > BCOP in vitro score � 25 = 2A, and a BCOP in4182
vitro score < 25 = 2B. The model does not propose to identify Category NL materials.4183

4184
BCOP Predicted GHS CategoryDraize- Determined

GHS Category 1 2A 2B Total
Concordance

Toxicity
over

predicted

Toxicity
under

predicted
1 25 3 0 28 89.3% NA 10.7%
2A 4 4 0 8 50% 50% 0%
2B 0 0 0 0 0% 0% 0%
NI 2 4 22 28 0% 100% NA
Total 31 11 22 64 45.3%
Predictivity 80.6% 36.4% 0%
Category under
predicted

NA 27.3% 0%

Category over
predicted

19.4% 36.4% 100%
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The discordant results assessed by product formulation for the BCOP assay4185
and GHS toxicity categories are shown in Table 6-43. There were three4186
underpredictions of the GHS category for base and oxidizing materials; however,4187
60% of solvents, 71% of surfactants, 31% of oxidizers, 36% of bases, 54% of acids,4188
and 100% of other materials were overpredicted.4189

4190
Table 6-43 Prediction results for the BCOP assay and GHS toxicity categories by product4191

formulation type. Number of each product tested and percentage (in parentheses).4192
Solvents Surfactants Oxidizers Bases Acids Other

Under predicted 0 0 2 (13%) 1 (7%) 0 0
Correctly Predicted 4 (40%) 5 (29%) 9 (56%) 8 (57%) 3 (50%) 0
Over Predicted 6 (60%) 12 (71%) 5 (31%) 5 (36%) 3 (50%) 1 (100%)

4193

6.3.2.2.3 Analysis of anti-microbial cleaning formulations with high solvent4194
concentrations4195

4196
In the analysis presented in Figures 6-18 & 6-19, we noticed that several4197

formulations classified as being based on a solvent chemistry for cleaning were4198
overpredicted relative to their Draize-based classification. This phenomena of some4199
solvents being overpredicted has been observed before and was mentioned in the4200
conclusions of the ICCVAM/NICEATM review of the BCOP assay which states in4201
Section 6.2.1 that:”The accuracy analysis indicated that alcohols are often4202
overpredicted (50% to 56% [7/14 to 9/16] false positive rate depending on the4203
classification system used) in the BCOP test method.”4204

4205
The formulations that are solvent-based generally contain glycol ethers or4206

ethanol as the solvent. We examined the formulation list (see Annex B) for all the4207
test materials which were listed as containing some amount of either “solvent” or4208
“glycol ether”, no matter what the percentage or whether they were actually4209
categorized as “solvent” by the submitter. Thirty-one such materials were identified.4210
These materials were then identified on the scatter plots of BCOP scores versus4211
Draize categories, and it was found that three of these materials were overpredicted4212
(one by one category, two by two categories). A further analysis showed that these4213
three materials all contained either “solvent” or glycol ethers at a concentration >5%.4214
In total, there were 13 materials that had solvent concentrations above 5%. We4215
gave these 13 materials a new designation of “High Solvent”. The identities of the4216
High Solvent materials are shown in Figures 6-18 and 6-19 by red boxes.4217

4218
Because of earlier indications that some solvent-containing materials might4219

be overpredicted, IIVS – for the last several years – has tested such materials in the4220
BCOP assay using two different exposure times: 3 minutes and 10 minutes. We4221
have generally noticed that the three minute exposure gives a better prediction of4222
the actual irritancy potential than does the 10 minute exposure. Eight of the thirteen4223
“High Solvents” had three minute exposure data, and when we graphed these4224
values we found that all three of the overpredicted formulations were now correctly4225
predicted (Figure 6-20). Five high solvent materials which had been correctly4226
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predicted as EPA Category I materials (all had BCOP scores between 157.3 and4227
444.3) could not be included since no three minute data had been collected when4228
these materials were originally tested. None of the five of the materials were still4229
available from the submitter and it was deemed too difficult to reformulate them.4230

4231
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4232
Figure 6-20 BCOP in vitro scores (3 minute exposure) for High Solvents are plotted against4233
EPA categories determined by the Draize test. Five High Solvent materials had 10 minute data4234
only and therefore are not included in this graph. Proposed cut-off values with their predicted4235
EPA categories are included.4236

4237
The remaining non-high solvent materials were then graphed as before using4238

their 10 minute exposure time values (Figure 6-21). There are only 55 data points4239
on Figure 6-21 because the thirteen high solvent materials are excluded.4240
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4241
Figure 6-21 BCOP in vitro scores for non-High Solvent materials plotted against EPA4242
categories determined by the Draize test. Proposed cut-off values with their predicted EPA4243
categories are included. The EPA categories for test materials BR and BS were determined4244
by using the results of an LVET assay.4245

4246
A contingency table (Table 6-44) was then created for the EPA categorization4247

by combining the results of Figures 6-20 & 6-21. The results from this analysis are4248
reasonably similar to that of Table 6-40 where all of the materials were recorded4249
using their 10 minute exposure values. Using the High Solvent approach the4250
positive predictivity for Categories I, II and III were 84%, 38% and 25%, respectively;4251
while using the prior approach the predictivites for these categories were 87.1%,4252
27.3% and 28%, respectively. Thus there was some gain in the predictivity of4253
Category II materials. However, percentages of underpredicted Category I materials4254
increased from 9.7% to 16%, primarily because one Category I material (High4255
Solvent) was misidentified as a Category III and five previously correctly predicted4256
(using ten minute data) Category I High Solvent materials could not be used in the4257
analysis since they had no 3 minute exposure data.4258

4259

�

C-226

ICCVAM AMCP Evaluation Report



EPA Toxicity Labeling Background Review Document 6 Test Method Predictive Capacity

EPA BRD-Final Report Page 133 of 215

Table 6-44 Contingency table (based on a combination of the results from Figure 6-20 & 6-21)4260
depicting the accuracy and predictivity of the BCOP assay for EPA toxicity categories4261
(determined by the Draize test) using cut-off values of a BCOP in vitro score � 75 = I, 75 >4262
BCOP in vitro score � 25 = II, and a BCOP in vitro score < 25 = III. The model does not propose4263
to identify Category IV materials.4264

4265
BCOP Predicted EPA CategoryDraize- Determined

EPA Category I II III Total
Concordance

Toxicity
over

predicted

Toxicity
under

predicted
I 21 3 1 25 84% NA 16%
II 1 3 1 5 60% 20% 20%
III 3 2 7 12 58% 42% 0%
IV 0 0 19 19 0% 100% NA
Total 25 8 28 63 49%
Predictivity 84% 38% 25%
Category under
predicted NA 38% 7%
Category over
predicted 16% 25% 68%

4266
The discordant results assessed by product formulation for the BCOP assay4267

and EPA toxicity categories are shown in Table 6-45. There were five4268
underpredictions of the EPA category for base, oxidizing, and high solvent4269
materials; however, 33% of solvents, 53% of surfactants, 27% of oxidizers, 20% of4270
bases, 50% of acids, and 100% of other materials. Sixty-three percent of high4271
solvents were overpredicted, but only by a single toxicity category.4272

4273
Table 6-45 Prediction results for the BCOP assay and EPA toxicity categories by product4274
formulation type. Number of each product tested and percentage (in parentheses).4275

4276
Solvents Surfactants Oxidizers Bases Acids Other High Solvents

Under predicted 0 0 2 (13%) 2 (20%) 0 0 1 (12%)
Correctly Predicted 4 (67%) 8 (50%) 9 (60%) 6 (60%) 4 (57%) 0 2 (25%)
Over Predicted 2 (33%) 8 (50%) 4 (27%) 2 (20%) 3 (43%) 1 (100%) 5 (63%)
4277

The same analysis of using 3 minute data for the High Solvent materials was4278
conducted using GHS categories. Figure 6-22 shows the results using the High4279
Solvents, and Figure 6-23 shows the results with the rest of the materials. Again4280
three previously correctly predicted High Solvent Category I materials could not be4281
used since there was no three minute exposure data for them.4282

4283
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4284
Figure 6-22 BCOP in vitro scores plotted against GHS categories determined by the Draize4285
test. Five materials had only 10 minute data and therefore are not included on this graph.4286
Proposed cut-off values with their predicted GHS categories are included. Test material BB is4287
not included due to the study criteria not being met for the GHS category.4288
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4289
Figure 6-23 BCOP in vitro scores plotted against GHS categories determined by the Draize4290
test. Proposed cut-off values with their predicted GHS categories are included. The EPA4291
categories of test materials BR and BS were determined using the LVET assay.4292
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Table 6-46 shows the results of a contingency analysis of the GHS4293
conducted by combining the results from both graphs. As can be seen by comparing4294
with the previous GHS category analysis in Table 6-42, the predictivity improved4295
slightly from the original analysis, but the underprediction of Category 1 materials4296
increased slightly from 11% to 17%, primarily because one Category 1 material4297
(High Solvent) was misidentified as a Category 2B and five previously correctly4298
predicted (using ten minute data) Category 1 High Solvent materials could not be4299
used in the analysis since they had no 3 minute exposure data.4300

4301
Table 6-46 Contingency table (based on Figure 6-22 & 6-23) depicting the accuracy and4302
predictivity of the BCOP assay for GHS toxicity categories (determined by the Draize test)4303
using cut-off values of a BCOP in vitro score � 75 = 1, 75 > BCOP in vitro score � 25 = 2A, and4304
a BCOP in vitro score < 25 = 2B. The model does not propose to identify Category NL4305
materials.4306

BCOP Predicted GHS Category
Draize- Determined
GHS Category 1 2A 2B Total Concordance

Toxicity
over

predicted

Toxicity
under

predicted
1 20 3 1 24 83% NA 17%
2A 3 4 0 7 57% 43% 0%
2B 0 0 0 0 0% 0% 0%
NI 2 1 25 28 0% 100% NA
Total 25 8 26 59 41%
Predictivity 80% 50% 0%
Category under
predicted NA 38% 4%
Category over
predicted 20% 13% 96%

4307
The discordant results assessed by product formulation for the BCOP assay4308

and GHS toxicity categories are shown in Table 6-47. There were four4309
underpredictions of the EPA category for base, oxidizing, and high solvent4310
materials; however, 60% of solvents, 73% of surfactants, 36% of oxidizers, 43% of4311
bases, 50% of acids, 100% of other materials, and 71% of high solvents were4312
overpredicted.4313

4314
Table 6-47 Prediction results for the BCOP assay and EPA toxicity categories by product4315
formulation type. Number of each product tested and percentage (in parentheses).4316

4317
Solvents Surfactants Oxidizers Bases Acids Other High Solvents

Under predicted 0 0 2 (13%) 1 (10%) 0 0 1 (14%)
Correctly Predicted 2 (40%) 4 (27%) 8 (53%) 6 (60%) 3 (50%) 0 1 (14%)
Over Predicted 3 (60%) 11 (73%) 5 (33%) 3 (30%) 3 (50%) 1 (100%) 5 (71%)
4318

6.3.3 Histopathology Analysis4319
4320

We have previously reported (Curren, Evans et al. 2000) that certain4321
materials, especially those with oxidizing chemistry, may be under estimated when4322
relying only on the in vitro score. Often these materials cause cellular changes in the4323
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cornea that are not manifested in vitro as damage by the conventional measures of4324
opacity and permeability. Presumably similar changes in vivo do result in visible4325
changes to the eye as a result of secondary recruitment and resulting migration of4326
inflammatory cells into the corneal stroma. Thus we decided to do additional4327
analysis of the predictive capacity of the BCOP assay by adding data from parallel4328
studies of the histopathology of the treated corneas.4329

4330
Additional rationale for the use of histopathology comes from the pioneering4331

work of Drs. James Jester and Jim Maurer ((Maurer, Parker et al. 2002) who have4332
shown that the area and depth of the initial ocular injury is a major predictor of the4333
final lesion and its potential for recovery. A more complete description of this4334
hypothesis and its relationship to the BCOP assay can be found in Annex G (Draft4335
BCOP Histopathology Guidance Document).4336

4337
For seventeen of the antimicrobial cleaning product materials, the treated4338

bovine corneas were fixed, sectioned and stained for histopathological examination.4339
The corneas were evaluated either by the staff of IIVS or by a subcontractor (a4340
Board-certified veterinary pathologist) trained in histological analysis of bovine4341
corneas. A detailed description of the types of lesions observed can be found in4342
Annex G.4343

4344
Histology was evaluated and described for the: 1) Upper, middle and lower4345

epithelium; 2) Upper, middle, and lower stroma; and 3) Endothelium. Table 6-504346
relates the histological damage observed in a cornea to a specific EPA or GHS4347
category. Decisions as to the category assigned were based primarily on the depth4348
of injury. For the epithelium, this was measured primarily by tissue loss or the4349
presence of necrotic cells. For the stroma, damage was characterized by 1)4350
abnormal chromatin condensation or vacuolated nuclei in the keratocytes, 2)4351
significant increase in collagen matrix vacuolization, or 3) loss of keratocytes.4352
Damage to the endothelium was evidenced by loss of cells or increased cellular4353
vacuolization.4354

4355
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Table 6-48 Scoring chart for histologically apparent damage and proposed EPA and GHS4356
toxicity category.4357

4358
Extent of Damage Suggested EPA Category Suggested GHS Category

Cell loss or damage extending no
further than midway through the

epithelium.
IV NL

Cellular damage or collagen
matrix damage extending no

further than the upper third of the
stroma

III 2B

Cellular damage or collagen
matrix damage extending no

further than two-thirds of the way
through the stroma

II 2A

Cellular damage or collagen
matrix damage extending into the
lower third of the stroma and/or

causing damage to the endothelial
cells.

I 1

4359
Table 6-49 identifies the materials used to treat the corneas, the BCOP in4360

vitro score, the histology results, and the final determination of the EPA toxicity4361
category.4362

4363
Table 6-49 Integration of histopathology results with BCOP in vitro scores to give final EPA4364
toxicity category classification (based on prediction model of Figure 6-18). Test material code4365
letters appear in Figure 6-24 & 6-25.4366

Test
Material

EPA Category
by Draize

Test

BCOP
In vitro
Score

10 min/3
min

EPA Category
by Prediction

Model

Histology Results
10 min/3 min

EPA Category
(Based on

Histopathology)
10 min/3 min

Final
EPA

Category
10 min/3

min

1 (V) IV 20.8 III Damage observed
mid-stroma II II

2 (I) III 0.6 III Upper epithelium
lost IV III

3 (H) II 9.2 III Damage into lower
third of stroma I I

4 (F)
High

Solvent
I 514/18.2 I/III

Damage into lower
third of

stroma/Damage
into lower third of

stroma

I/I I/I
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5 (C) I 29.7 II Damage into lower
third of stroma I I

6 (X) I 81.9 I Damage to lower
stroma I I

7 (Y) II 74.9 II Damage to lower
stroma I I

8 (Z) II 31.6 II Damage to Upper
Half of stroma II II

9 (AV) I 191.8 I Damage into lower
third of stroma I I

10 (AW) I 43.1 II
Damage greater

than 50% depth of
stroma

II II

11 (BJ) III 54.6 II
Damage through

upper 2/3s of
stroma

II II

12 (AE) I 66.7 II Damage through
top half of stroma II II

13 (CG)
High

Solvent
IV 3.9/3.5 III/III

Damage into upper
quarter of

stroma/Upper
epithelium lost

III/IV III/III

14 (N) III 152.7 I Damage into lower
third of stroma I I

15 (BS) III (LVET) 278.1 I Damage into lower
third of stroma I I

16 (BR) IV 23.2 III
Damage

through upper third
of stroma

III III

17(EG) II 71.8 II Damage into lower
third of stroma I I

4367

6.3.3.1 Analysis of the predictive capacity of BCOP including histological4368
evaluation for EPA hazard classifications4369

4370
Using the results of the above histological observations, a further analysis of4371

the predictive capacity for EPA toxicity categories of the combination of BCOP in4372
vitro score and histopathology was performed. The EPA toxicity categories are4373
plotted against the in vitro score (using the same cut-offs as previously described)4374
for both the High Solvents (Figure 6-24) and the remaining materials (Figure 6-25).4375
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The materials which underwent histology analysis are circled and their final4376
predicted toxicity category (as determined by Table 6-49) shown.4377

4378
4379
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4380
Figure 6-24 BCOP in vitro scores (3 minute exposure) for High Solvent formulations plotted4381
against EPA categories determined by the Draize test. Five High Solvent materials had 104382
minute data only and therefore are not included in this graph. Materials with histology-4383
determined EPA categories are circled with the final category indicated.4384

4385
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BCOP Scores vs. EPA Category
All materials except High Solvents
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4386
Figure 6-25 BCOP in vitro scores plotted against EPA categories determined by the Draize4387
test. Proposed cut-off values with their predicted EPA categories are included. The EPA4388
categories of test materials BR and BS were determined using the LVET assay.4389

4390
4391

The contingency Table 6-50 shows the results of these analyses. It can be4392
seen that adding histopathology analysis to the BCOP in vitro score leads to fewer4393
EPA toxicity categories being underestimated. The sensitivity of the assay for4394
detecting EPA category I’s improves to 92% (23 of 25 Category I’s identified) from4395
84% (Table 6-44). Similarly the underprediction of EPA Category II’s improves from4396
20% (Table 6-44) with BCOP in vitro score only, to 0% when histopathology is4397
added.4398

4399
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Table 6-50 Contingency table (based on Figure 6-24 & 6-25) depicting the accuracy and4400
predictivity of the BCOP assay for EPA toxicity categories (determined by the Draize test)4401
using cut-off values of a BCOP in vitro score � 75 = I, 75 > BCOP in vitro score � 25 = II, and a4402
BCOP in vitro score < 25 = III, plus histopathological evaluation. The model does not propose4403
to identify Category IV materials.4404

4405
BCOP Predicted (with histology)

EPA CategoryDraize- Determined
EPA Category

I II III Total
Concordance

Toxicity
over

predicted

Toxicity
under

predicted

I 23 2 0 25 92% NA 8%
II 4 1 0 5 20% 80% 0%
III 3 2 7 12 58% 42% 0%
IV 0 1 18 19 0% 100% NA
Total 30 6 25 61 51%
Predictivity 77% 17% 28%
Category under
predicted NA 33% 0%
Category over
predicted 23% 50% 72%

4406
The discordant results assessed by type of formulation for the BCOP assay4407

with histology and EPA toxicity categories are shown in Table 6-51. There was one4408
underprediction each of the EPA category for bases and oxidizing materials;4409
however, 50% of solvents, 53% of surfactants, 33% of oxidizers, 30% of bases, 67%4410
of acids, and 100% of other materials were overpredicted.4411

4412
Table 6-51 Discordant results for the BCOP assay and EPA toxicity categories.4413

Solvents Surfactants Oxidizers Bases Acids Other
Under predicted 0 0 1 (7%) 1 (10%) 0 0
Correctly Predicted 7 (50%) 7 (47%) 9 (60%) 6 (60%) 2 (33%) 0
Over Predicted 7 (50%) 8 (53%) 5 (33%) 3 (30%) 4 (67%) 1 (100%)

4414

6.3.3.2 Analysis by GHS category for BCOP including histological evaluation4415
4416

Using the results of the histological observations, an analysis of the predictive4417
capacity for GHS toxicity categories of the combination of BCOP in vitro score and4418
histopathology was performed. The GHS toxicity categories are plotted against the4419
in vitro score (using the same cut-offs as previously described) for both the High4420
Solvents (Figure 6-26) and the remaining materials (Figure 6-27). The materials4421
which underwent histology analysis are circled and their final predicted toxicity4422
category (as determined by Table 6-49) shown.4423

4424
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4425
Figure 6-26 BCOP in vitro scores (3 minute exposure) for High Solvent formulations plotted4426
against GHS categories determined by the Draize test. Five High Solvent materials had only4427
10 minute data and therefore are not included on this graph. Proposed cut-off values with4428
their predicted GHS categories are included. Materials with histology-determined EPA4429
categories are circled with the final category indicated. Test material BB is not included due4430
to the study criteria not being met for the GHS category.4431

4432
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BCOP Scores vs. GHS Category
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4433
Figure 6-27 BCOP in vitro scores for non-High solvent materials plotted against GHS4434
categories determined by the Draize test. Proposed cut-off values with their predicted GHS4435
categories are included. The EPA categories of test materials BR and BS were determined4436
using the LVET assay. Materials with histology-determined EPA categories are circled with4437
the final category indicated.4438

4439
The contingency Table 6-52 shows the results of these analyses. It can be4440

seen that adding histopathology analysis to the BCOP in vitro score leads to fewer4441
GHS toxicity categories being underestimated. The sensitivity of the assay for EPA4442
category I’s improves to 92% (22 of 24 Category 1’s identified) from 83% (Table 6-4443
46). However, the overprediction of GHS 2A materials increases from 43% (Table 6-4444
46) to 71%.4445

4446
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Table 6-52 Contingency table (based on Figure 6-26 & 6-27) depicting the accuracy and4447
predictivity of the BCOP assay for GHS toxicity categories (determined by the Draize test)4448
using cut-off values of a BCOP in vitro score � 75 = 1, 75 > BCOP in vitro score � 25 = 2A, and4449
a BCOP in vitro score < 25 = 2B. The model does not propose to identify Nonirritant materials.4450

BCOP Predicted (with histology)
GHS CategoryDraize- Determined

GHS Category
1 2A 2B Total

Concordance

Toxicity
over

predicted

Toxicity
under

predicted
1 22 2 0 24 92% NA 8%
2A 5 2 0 7 29% 71% 0%
2B 0 0 0 0 0% 0% 0%
NI 4 1 23 28 0% 100% NA
Total 31 5 23 59 41%
Predictivity 71% 40% 0%
Category under
predicted NA 40% 0%
Category over
predicted 29% 20% 100%

4451
The discordant results assessed by type of formulation for the BCOP assay4452

with histology and GHS toxicity categories are shown in Table 6-53. There was one4453
underprediction each of the GHS category for bases and oxidizing materials;4454
however, 67% of solvents, 73% of surfactants, 40% of oxidizers, 30% of bases, 67%4455
of acids, and 100% of other materials were overpredicted.4456

4457
Table 6-53 Discordant results for the BCOP assay and GHS toxicity categories.4458

Solvents Surfactants Oxidizers Bases Acids Other
Under predicted 0 0 1 (7%) 1 (10%) 0 0
Correctly Predicted 4 (33%) 4 (27%) 8 (53%) 6 (60%) 2 (33%) 0
Over Predicted 8 (67%) 11 (73%) 6 (40%) 3 (30%) 4 (67%) 1 (100%)

4459

6.3.3.3 Conclusions from analysis of the BCOP predictive capacity4460
4461

The BCOP assay appears to be most useful at the most irritating portion of the4462
irritation spectrum. It is capable of identifying EPA toxicity category I, II, and III4463
materials. When histology was considered, only two of the sixty-one materials (3%)4464
were under predicted for EPA toxicity categories, and these were only under4465
predicted by a single toxicity category. Over predictions were much more frequent,4466
but this was driven by the fact that the BCOP assay seems incapable of clearly4467
differentiating between Category III and Category IV materials. In fact 64% (18 of4468
28) of the over predictions were the result of EPA category IV materials being4469
predicted as EPA category III materials. Very similar results were found with the4470
prediction model for GHS categories. Sixty-seven percent (22 of 33) of the over4471
predictions were Non Irritating materials over predicted as category 2B’s. The4472
corporate participants have agreed that this outcome of over labeling some4473
materials is acceptable to them.4474

4475
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Many High Solvent (>5% solvent) materials were overpredicted using the4476
traditional 10 minute exposure. Predictions improved when a three minute exposure4477
was used, and this shorter exposure is recommended for future use with high4478
Solvent formulations.4479

4480
Importantly, when BCOP testing (and selected histopathology) was conducted4481

on 37 new antimicrobial cleaning product formulations, the results fit the pattern of4482
the originally hypothesized prediction model. Thus the preliminary hypothesis was4483
supported, lending considerable weight to the validity of this prediction model.4484

4485
We report that histopathology can be performed on treated corneas – this allows4486

for possible underpredictions to be discovered. Another assay (we propose4487
Cytosensor or EpiOcular) can be used as a second tier test to differentiate EPA4488
Category III from Category IV and less irritating materials, if needed. This will reduce4489
the over prediction rate of the entire testing strategy.4490

4491
The preceding analysis of the BCOP data has led us to the following4492

recommendations:4493
4494

1) In general, when testing anti-microbial cleaning product4495
formulations, the BCOP assay should be conducted with a ten4496
minute exposure.4497

4498
2) If the anti-microbial cleaning product contains a solvent at the level4499

of 5% or greater, it should be tested with a three minute exposure.4500
4501

3) All anti-microbial cleaning products having an In Vitro Score �754502
should be classified as an EPA Category I or a GHS Category 1. No4503
histopathology needs to be conducted.4504

4505
4) Anti-microbial cleaning products having an In Vitro Score <75 and �4506

25 are given a preliminary classification of EPA Category II or GHS4507
Category 2A. They should be further assessed with a4508
histopathological evaluation and given the final categorization of4509
whichever determination (in vitro score or histological evaluation)4510
is more severe.4511

4512
5) Anti-microbial cleaning products having an In Vitro Score <25 are4513

given a preliminary classification of EPA Category III or GHS4514
Category 2B. They should be further assessed with a4515
histopathological evaluation and given the final categorization of4516
whichever determination (in vitro score or histological evaluation)4517
is more severe.4518

4519
6) (Optional) To determine if an anti-microbial cleaning product which4520

was categorized as either EPA III or GHS 2B is actually an EPA IV4521
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or a GHS NI, it should be further tested in either the Cytosensor or4522
EpiOcular assays.4523

4524

6.4 Strategic testing approach4525
4526

Data from each of the three proposed assays shows that they each have a4527
set of strengths and weaknesses. What is especially apparent is that the Cytosensor4528
and EpiOcular assays do not have the ability to clearly separate Category I and II4529
materials from each other. However, both are able to identify a proportion of the4530
very mild EPA category IV or GHS NI materials. Thus the utility of these two assays4531
is in the mild end of the irritation spectrum.4532

4533
The BCOP assay, in contrast, is able to separate the Category II materials4534

from the Category I materials, but it is not able to differentiate between Category III4535
materials and the Category IV materials.4536

4537
The strategy we propose is a tiered testing process that can be initiated with4538

any of the three assays (as long as the test material is physically compatible with4539
that assay). Thus for a suspected highly aggressive material one would start with4540
the BCOP assay. This test might immediately identify the material as a Category I or4541
II material, in which case the testing would end. However, the BCOP assay might4542
merely identify the material as less than a Category II (either a Category III or4543
Category IV). If the manufacturer does not need to know whether or not it might be a4544
Category IV, the testing again could stop with the material being labeled a Category4545
III material. On the other hand if the manufacturer thought the material might be a4546
Category IV, the testing could move to the next tier of EpiOcular or Cytosensor4547
assay where the predictive capacity of the latter two assays in the mild range may4548
appropriately identify the toxicity category.4549

4550
Alternatively, testing could start with either the EpiOcular or the Cytosensor4551

assay which have the ability to classify a material as a Category III, Category IV, or4552
greater than a Category III. Since these assays cannot differentiate between4553
Category II and Category I materials, the material would have to be labeled4554
Category I if no more testing was desired. However, the material could be tested in4555
the next tier (BCOP assay) if it was important to the manufacturer to know whether4556
the material might be a Category II.4557

4558
The second test in this tiered approach is always an option. If the exact4559

irritation category is not required, and the manufacturer can accept an over4560
prediction for a material whose in vitro score was ambiguous, then a single4561
test can always provide the necessary information.4562

4563
4564
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7 Test Method Reliability4565
4566

Test method reliability will be assessed by reporting on the intralaboratory4567
repeatability I (runs conducted in a single laboratory within a short period of time4568
[days]), intralaboratory reproducibility II (runs conducted in a single laboratory within4569
an extended period of time [months]) and interlaboratory reproducibility (between-4570
laboratory repeatability). Typically the reliability of a method is assessed utilizing the4571
data sets contained within the BRD. However, in this submission there are4572
insufficient examples of repeated studies to provide a rigorous assessment of4573
reproducibility for each of the methods. Therefore, information from other sources (a4574
Background Review Document of the Cytosensor submitted to ECVAM, a4575
Background Review Document for the EpiOcular method submitted to ECVAM and4576
a Background Review Document on the Bovine Cornea Opacity and Permeability4577
Test Method prepared by NICEATM which has been reviewed by an Expert Panel)4578
will be presented as evidence for reproducibility. Where data to assess4579
reproducibility are available within this submission they will be appropriately utilized.4580
Table 7-1 details the study, reported results, number of replicates, and format of the4581
available data for each type of variability study described in Section 7.4582

4583
The reliability of each of the three methods proposed for this testing strategy4584

will be addressed individually below. For most of the examples, reproducibility is4585
assessed by calculating the CV for MRD50, ET50, or in vitro score values obtained4586
from identical materials.4587

4588

�
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7.1 Cytosensor4592
4593

7.1.1 Cytosensor intralaboratory repeatability I4594
4595

The within-run reproducibility could not be assessed for the materials4596
submitted for this study because the Cytosensor reports were not readily available.4597
However, within-run reproducibility has been demonstrated for the Cytosensor in4598
several large international validation studies as presented in a BRD submitted to4599
ECVAM. Table 7-2 presents the results extracted from the BRD for the EC/HO4600
validation study (Balls, Botham et al. 1995) for a group of 32 materials (a mixture of4601
surfactant and non-surfactant materials). For this study the mean CV was 38.9%4602
and the median CV was 30.5%. The distribution of product categories for the within-4603
laboratory reproducibility of the CM is shown in Table 7-3.4604

4605
4606
4607
4608
4609
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Table 7-3 Distribution of product categories for the within-4615
laboratory reproducibility of the CM.4616

Product Categories Number of products
tested

Surfactants 12
Acids 3
Bases 2

Solvents 9
Other 6

Unknown 3
Total 35

4617
4618

Results from a second international validation study organized by the4619
European cosmetics trade association COLIPA are presented in Tables 7-4 through4620
7-7. These data come from both surfactant materials (Tables 7-4 and 7-6) and non-4621
surfactant materials (Tables 7-5 and 7-7). Two different laboratories participated in4622
this study and the individual results for each are presented. It can be seen that the4623
first laboratory had a mean CV of 19.7% for the surfactant materials and a mean CV4624
of 15.4% for the non-surfactant materials. The second laboratory had a mean CV of4625
14.3% for the surfactant materials and a mean CV of 10.4% for the non-surfactant4626
materials. The distribution of product categories for the within-laboratory4627
reproducibility of the COLIPA study is shown in Table 7-8.4628

4629
For more details of each of these studies plus within-run repeatability from4630

several additional studies please see Section 3. Within-laboratory reproducibility in4631
the Cytosensor BRD. This can be provided to ICCVAM by the authors of this BRD4632
after its review by ECVAM, or ICCVAM can request it directly from ECVAM at any4633
time.4634

4635
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Table 7-4 Surfactant Materials – COLIPA Within-laboratory reproducibility of CM from4636
archived Microbiological Associates, Inc. data created for the COLIPA study for surfactant4637
materials (Brantom, Bruner et al. 1997; Harbell, Osborne et al. 1999). The protocol utilized4638
L929 cells and an 810 second exposure. Twenty-nine total materials were tested.4639

Substance Formulation
Type MRD50 (mg/ml) SD CV

(%)
Number of
replicates

Shampoo #1 normal SU 0.75 0.21 28.7 3
Eye make-up remover SU 87.77 1.17 1.3 3
Triton X-100 1% SU 21.17 4.21 19.9 3
Tween 20 SU 9.50 5.31 55.9 3
SLS 3% SU 3.23 0.65 20.2 3
Triton X-100 5% SU 4.66 0.52 11.1 3
Benzalkonium chloride 1% SU 4.11 0.89 21.6 3
SLS 15% SU 0.52 0.02 3.5 3
SLS 30% SU 0.31 0.02 5.8 3
Triton X-100 10% SU 2.47 0.57 23.0 3
Benzalkonium chloride 5% SU 0.81 0.10 12.7 3
Benzalkonium chloride
10% SU 0.32 0.07 21.0 3
Pump Deodorant SU 19.35 9.38 48.5 3
Gel cleaner SU 5.68 2.37 41.8 3
Shampoo - baby SU 2.51 0.96 38.1 3
Hair styling lotion SU 164.82 7.98 4.8 3
Liquid soap #1 SU 0.88 0.03 3.5 3
Mouthwash SU 37.84 3.55 9.4 3
Skin cleaner SU 0.63 0.10 16.3 3
Cetylpyridinium bromide
6% SU 1.36 0.20 14.5 3

Polyethylene glycol 400 SU 296.50 34.17 11.5 3
Mean 19.7
Median 16.3

4640
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Table 7-5 Non-Surfactant Materials – COLIPA Within-laboratory reproducibility of CM from4641
archived Microbiological Associates, Inc. data created for the COLIPA study for non-4642
surfactant materials (Brantom, Bruner et al. 1997; Harbell, Osborne et al. 1999). The protocol4643
utilized L929 cells and an 810 second exposure. Twenty-nine materials were tested.4644

Substance Formulation
Type MRD50 (mg/ml) SD CV

(%)
Number of
replicates

Methyl ethyl ketone SO 54.18 3.16 5.8 3
Imidazole SU 18.84 5.52 29.3 3
Propylene glycol 265.07 3.54 1.3 3
Glycerol SO 214.83 25.35 11.8 3
Sodium hydroxide 1% AL 9.09 1.00 11.0 3
Isopropanol SO 52.59 17.20 32.7 3
Sodium hydroxide 10% AL 4.33 0.15 3.5 3
Trichloroacetic acid 30% AC 1.12 0.31 28.1 3
Mean 15.4
Median 11.4

4645
Table 7-6 Surfactant Materials – COLIPA Within-laboratory reproducibility of CM from4646
archived CellTox AB data created for the COLIPA study for surfactant materials (Brantom,4647
Bruner et al. 1997; Harbell, Osborne et al. 1999). The protocol utilized L929 cells and an 8104648
second exposure. Twenty-six materials were tested.4649

Substance Formulation
Type MRD50 (mg/ml) SD CV

(%)
Number of
replicates

Shampoo #1 normal SU 0.72 0.06 8.1 3
Eye make-up remover SU 99.31 1.00 1.0 3
Triton X-100 1% SU 16.79 0.73 4.3 3
Tween 20 SU 3.49 0.62 17.7 3
SLS 3% SU 2.78 0.07 2.7 3
Triton X-100 5% SU 2.42 0.07 2.7 3
Benzalkonium chloride 1% SU 4.33 1.19 27.4 3
SLS 15% SU 0.51 0.02 3.3 3
Triton X-100 10% SU 1.24 0.28 22.9 3
Benzalkonium chloride 5% SU 1.38 0.12 8.9 3
Benzalkonium chloride
10% SU 0.31 0.05 16.4 3
Pump Deodorant SU 47.74 28.34 59.4 3
Gel cleaner SU 5.47 1.20 22.0 3
Shampoo - baby SU 2.15 0.73 33.7 3
Hair styling lotion SU 292.01 6.07 2.1 3
Liquid soap #1 SU 0.68 0.10 14.0 3
Mouthwash SU 46.85 9.20 19.6 3
Skin cleaner SU 0.76 0.05 6.0 3
Polyethylene glycol 400 SU 316.23 0.00 0.0 3
Mean 14.3
Median 8.9

4650
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Table 7-7 Non-Surfactant Materials – COLIPA Within-laboratory reproducibility of CM from4651
archived CellTox AB data created for the COLIPA study for surfactant materials (Brantom,4652
Bruner et al. 1997; Harbell, Osborne et al. 1999). The protocol utilized L929 cells and an 8104653
second exposure. Twenty-six materials were tested.4654

Substance Formulation
Type MRD50 (mg/ml) SD CV

(%)
Number of
replicates

Imidazole SU 26.03 0.99 3.8 3
Propylene glycol 218.86 7.59 3.5 3
Glycerol SO 208.70 3.06 1.5 3
Isopropanol SO 124.51 25.26 20.3 3
Sodium hydroxide 1% AL 13.59 5.11 37.6 3
Sodium hydroxide 10% AL 0.60 0.01 1.9 3
Trichloroacetic acid 30% AC 1.24 0.05 4.2 3
Mean 10.4
Median 3.8

4655
Table 7-8 Distribution of product categories for the within-4656

laboratory reproducibility of the COLIPA study4657
Product Categories Number of products

tested
Surfactants 21

Acids 1
Bases 2

Solvents 3
Other
Total 27

4658

7.1.2 Cytosensor intralaboratory reproducibility II4659
4660

There were no examples of intralaboratory reproducibility for studies4661
submitted specifically for this BRD. However, there is one example illustrated in the4662
Cytosensor BRD which was submitted to ECVAM. This example was created by4663
observing that some identical materials were tested in both the EC/HO validation4664
study for eye irritation and the COLIPA-sponsored validation study which occurred4665
approximately 21 months later. Although the materials are listed by the same name4666
in each study, it is unclear whether the materials were actually identical (as far as4667
purity and the presence of contaminants) since they were procured at a different4668
time and possibly from different sources.4669

4670
Table 7-9 presents the results for 11 surfactant materials tested by one4671

laboratory during the EC/HO study and the COLIPA study. Both cetylpyridinium4672
bromide (10%) and polyethylene glycol 400 were deemed incompatible with the test4673
system in one study, but not in the other. They are both listed to show that there is4674
some variability associated with determining whether or not a material is compatible4675
with the test apparatus. Similarly for the non-surfactant materials shown in Table 7-4676
10, ethyl acetate was considered incompatible with the Cytosensor in one study but4677
not in the other. It can be seen that mean CV for the 9 surfactant material tested in4678
both studies was 17.4%, and the mean CV for the 7 non-surfactant materials tested4679
in both studies was 32.5%. The distribution of product categories for the4680
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intralaboratory reproducibility of the COLIPA and EC/HO comparison is shown in4681
Table 7-11.4682
Table 7-9 Surfactant materials - Comparison of the MRD50 values for testing conducted4683
approximately 21 months apart4684

COLIPA
Mean MRD50

(mg/mL) [CV%]

EC/HO
Mean MRD50

(mg/mL) [CV%]
Substance

Formulation
Type

MA SM 31

Mean MRD50
(mg/mL) SD CV (%)

Tween 20 SU 9.50 [55.9] 5.53 [31.3] 7.50 2.83 37.7
Sodium lauryl sulphate 3% SU 3.23 [20.2] 3.04 [6.0] 3.13 0.15 4.8
Triton X-100 5% SU 4.66 [11.1] 3.39 [27.6] 4.03 0.90 22.3
Benzalkonium chloride 1% SU 4.11 [21.6] 5.16 [30.4] 4.62 0.72 15.6
Sodium lauryl sulphate 15% SU 0.517 [3.5] 0.60 [28.5] 0.56 0.06 10.9
Triton X-100 10% SU 2.47 [23.0] 1.96 [30.7] 2.21 0.37 16.6
Benzalkonium chloride 5% SU 0.811 [12.7] 1.09 [21.7] 0.96 0.20 21.4
Benzalkonium chloride 10% SU 0.321 [21.0] 0.47 [8.5] 0.39 0.10 26.3
Cetylpyridinium bromide 6% SU 1.36 [14.5] 1.35 [65.3] 1.35 0.01 0.6
Cetylpyridinium bromide
10% SU * 1.02 [11.1] * * *

Polyethylene glycol 400 SU 296.5 [11.5] * * * *
Mean [19.5] [26.11] 17.4
Median [17.4] [28.05] 16.6

* - Material determined to be unsuitable for testing4685
4686

Table 7-10 Non-surfactant materials - Comparison of the MRD50 values for testing conducted4687
approximately 21 months apart4688

COLIPA
Mean MRD50

(mg/mL)
[CV%]

EC/HO
Mean MRD50

(mg/mL)
[CV%]

Substance

Formulation
Type

MA SM 31

Mean MRD50
(mg/mL) SD CV (%)

Imidazole SU 18.8 [29.3] 23.1 [2.7] 20.95 3.04 14.5
Glycerol SO 214.8 [11.8] 180.7 [26.6] 197.75 24.11 12.2
Sodium hydroxide 1% AL 9.09 [11.0] 16.2 [50.0] 12.65 5.03 39.8
Isopropanol SO 52.6 [32.7] 91.2 [2.3] 71.90 27.29 38.0
Methyl ethyl ketone SO 54.2 [5.8] 50.5 [8.5] 52.35 2.62 5.0
Sodium hydroxide 10% AL 4.33 [3.5] 1.60 [43.3] 2.97 1.93 65.1
Trichloroacetic acid 30% AC 1.12 [28.1] 2.47 [69.0] 1.80 0.95 53.2
n-Butyl acetate SO * * * * *
Ethyl acetate SO * 53.7 * * *
Mean [17.5] [28.9] 32.5
Median [11.8] [26.6] 22.6

* - Material determined to be unsuitable for testing4689
4690

Table 7-11 Distribution of product categories for the4691
intralaboratory reproducibility of the CM.4692

Product Categories Number of products
tested

Surfactants 11
Acids 1
Bases 2

Solvents 5
Other 0
Total 19
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4693
Another data set that can give information about intralaboratory4694

reproducibility is the response of a single material over time. The following4695
description is extracted from the Cytosensor BRD submitted to ECVAM.4696

4697
“The CM instrument was first used by the in vitro toxicology staff at4698

Microbiological Associates, Inc. in 1994. At that time the practice of maintaining a4699
graphical record of the results of the positive control material – 10% SLS in sterile,4700
deionized water – was begun (Figure 7-1). This practice has continued through the4701
transfer of the instrument and staff to the Institute for In Vitro Sciences, Inc. in 1997,4702
and continues to this day. Table 7-12 presents a summary of the results for 6294703
assays conducted over a 12 plus year period as well as the results from the last 944704
assays conducted over the last two years. That little change has occurred in the4705
absolute MRD50 in the last 12 years can be inferred from the 12 year average of4706
0.0799 mg/mL versus the last two year’s average of 0.0775 mg/mL. The average4707
CV calculated over the last 12 years is 14.3%. Over the last approximately 2 years4708
the average CV has increased to 18.9%.4709

4710
Table 7-12 Positive Control Data of SLS completed at IIVS4711

Substance Dates No. of
Assays

Mean
MRD50

(mg/mL)
SD CV (%)

SLS April, 14 1994 – June 30, 2006 629 0.0799 0.011 14.3
SLS March 2, 2004 - June 30, 2006 94 0.0775 0.015 18.9

4712
SLS MRD50 values are plotted on a control graph with upper and lower cut-off4713

ranges graphed at two SD of all data (March 2004 – June 2006). Assays performed4714
on days when the MRD50 fell outside of the two SD range (5 points on this graph)4715
were repeated. Because on some days more than one SLS control was run, some4716
points may overlap such that it may appear that fewer than 94 values are plotted.4717

4718
It appears from these data that there is good long term with-in lab4719

reproducibility for a single material.”4720
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CYTOSENSOR POSITIVE CONTROL RANGE
March 2004 - June 2006

0.0000

0.0200

0.0400

0.0600

0.0800

0.1000

0.1200

0.1400

0.1600

0.1800

M
ar ch-04

Apri l-04

M
ay- 04

June-04

July -04

Augus t-04

Septem
ber-04

O
c tober- 04

Novem
ber-04

D ecem
ber-04

J anuary -05

February-05

M
arc h- 05

April -05

M
ay-05

June-05

July- 05

Augus t-05

Septem
ber-05

O
ctober-05

N ovem
ber-05

Decem
ber-05

J anuary -06

February -06

M
arc h-06

April -06

M
ay-06

June-06

S
L

S
co

n
ce

n
tr

at
io

n
(m

g/
m

l)

4721
Figure 7-1 Graph of 10% SLS (positive control) MRD50 values obtained at IIVS over a 28-4722
month period.4723

4724
Additional information on the intralaboratory reproducibility can be found in4725

Section 3. Within-laboratory reproducibility of the Cytosensor BRD submitted to4726
ECVAM.4727

4728

7.1.3 Cytosensor interlaboratory reproducibility4729
4730

There were no examples of interlaboratory reproducibility for studies4731
submitted specifically for this BRD. However, there are two main examples which4732
are presented in the Cytosensor BRD submitted to ECVAM. One is from the EC/HO4733
international validation study for eye irritation where four Cytosensor laboratories4734
participated and the other is from the COLIPA validation study which had two4735
Cytosensor laboratories participating.4736

4737
The results from the EC/HO study are broken down into two categories: 1)4738

surfactants (Table 7-13), and 2) non-surfactant materials (Table 7-14). For the 114739
surfactants (only one laboratory found that polyethylene glycol 400 was compatible4740
with the Cytosensor) the mean CV for the 4 laboratories was 37.0% and for the non-4741
surfactants was 50.6%. Not all laboratories found that all the non-surfactant4742
materials met the testing criteria, so the number of laboratories testing each of the4743
32 materials ranged from 1 to 4. The distribution of product categories for the4744
interlaboratory reproducibility of the EC/HO study is shown in Table 7-15.4745

4746
4747
4748
4749
4750
4751
4752
4753
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Table 7-13 Surfactant Materials - Between-laboratories reproducibility of CM results from4754
EC/HO study.4755

4756
MRD50 Values (mg/mL)

Chemical Formulation
Type

Conc.
tested CM 30 CM 31 CM 32 CM 33

Mean
MRD50

(mg/mL)
SD CV (%)

Cetylpyridinium bromide SU 10% 0.78 1.02 2.34 0.89 1.26 0.73 58.2
Cetylpyridinium bromide SU 6% 0.6 1.35 0.44 1.11 0.87 0.43 48.8
Benzalkonium chloride SU 5% 1.15 1.09 0.98 1.28 1.13 0.12 11.1
Benzalkonium chloride SU 10% 0.26 0.47 0.38 0.44 0.39 0.09 24.2
Triton X-100 SU 10% 1.61 1.96 1.50 2.22 1.82 0.33 18.0
Sodium lauryl sulfate SU 15% 0.62 0.60 0.51 0.74 0.62 0.10 15.5
Benzalkonium chloride [1]/[2] SU 1% 4.71 5.16 4.65 3.58 4.53 0.67 14.8
Triton X-100 [1]/[2] SU 5% 1.90 3.39 5.09 2.53 3.23 1.39 43.0
Sodium lauryl sulfate SU 3% 2.71 3.04 3.74 3.64 3.28 0.49 15.0
Tween 20 SU 100% 1.52 5.53 4.98 1.06 3.27 2.31 70.5
Cetylpyridinium bromide SU 0.10% 48.19 102.33 7.76 180.30 84.65 74.62 88.1
Polyethylene glycol 400 SU 100% * * * 363.92 * * *
Mean 37.0
Median 24.2

* Participating laboratory did not test the chemical because it determined that chemical was not4757
compatible with the test system.4758

4759
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Table 7-14 Non-surfactant materials - Between-laboratories reproducibility of CM results from4760
EC/HO study.4761

MRD50 Values (mg/mL)
Chemical Formulation

Type
Conc.
tested CM 30 CM 31 CM 32 CM 33

Mean
MRD50

(mg/mL)
SD CV (%)

Sodium hydroxide AL 10% 2.28 1.60 2.67 2.49 2.26 0.47 20.8
Trichloroacetic acid AC 30% 1.69 2.47 0.81 2.20 1.79 0.73 40.7
Captan 90 concentrate 100% * * * * * * *
Chlorhexidine 100% * * * * * * *
Cyclohexanol SO 100% 15.49 * 0.58 * 8.03 10.5 131.3
Quinacrine 100% * * 1.08 * * * *
Promethazine HCl 100% 1.35 1.48 0.81 1.45 1.27 0.31 24.4
Parafluoraniline 100% * * 3.47 * * * *
Acetone SO 100% 153.82 140.28 139.00 162.18 148.82 11.15 7.5
n-Hexanol SO 100% * * * * * * *
1-Naphthalene acetic acid 100% 12.11 * * * * * *
Sodium oxalate 100% * * * * * * *
Isobutanol SO 100% 28.84 28.64 22.54 31.62 27.91 3.83 13.7
Imidazole SU 100% 22.75 23.07 0.18 48.75 23.69 19.85 83.8
2-Ethyl-1-hexanol SO 100% * * * * * * *
4-Carboxybenzaldehyde 100% * * * * * * *
Methyl ethyl ketone SO 100% 55.72 50.47 78.16 47.97 58.08 13.77 23.7
Pyridine 100% 1.54 29.99 15.92 31.48 19.73 14.01 71.0
1-Naphthalene acetic acid 100% * * * * * * *
2,2-Dimethylbutanoic acid AC 100% * * * * * * *
Gammabutyrolactone 100% 79.98 114.82 0.91 179.47 93.79 74.39 79.3
Thiourea 100% 50.12 50.93 * 47.97 49.68 1.53 3.1
n-Octanol SO 100% * * * * * * *
Methyl acetate SO 100% 61.09 91.83 116.14 109.65 94.68 24.64 26.0
L-Aspartic acid AC 100% 1.11 1.17 * * 1.14 0.04 3.6
Benzoyl-L-tartaric acid 100% 0.81 * * * * * *
Potassium cyanate 100% 28.18 36.06 9.40 50.82 31.11 17.25 55.4
Isopropanol SO 100% 83.18 91.20 87.10 143.55 101.26 28.39 28.0
Sodium perborate, 4H20 100% 0.11 * * 3.27 1.69 2.24 132.6
Dibenzyl phosphate AC 100% 0.75 * * * * * *
2,5-Dimethylohexanediol SO 100% 75.21 155.96 6.21 156.31 98.67 72.25 73.2
Methyl cyanoacetate 100% 42.95 * 0.13 * 21.54 30.28 140.5
Sodium hydroxide AL 1% 28.18 16.22 32.36 31.62 27.1 7.48 27.6
Ethanol SO 100% 97.05 117.49 123.03 110.41 111.99 11.22 10.0
2,6-Dichlorobenzoyl chloride 100% * * * * * * *
Ammonium nitrate 100% 40.27 145.55 27.99 * 71.27 64.62 90.7
Ethyl-2-methylacetoacetate 100% * * 0.40 * * * *
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MRD50 Values (mg/mL)
Chemical Formulation

Type
Conc.
tested CM 30 CM 31 CM 32 CM 33

Mean
MRD50

(mg/mL)
SD CV (%)

Ethyl acetate SO 100% * 53.70 * * * * *
Maneb 100% * * * * * * *
Fomesafen 100% * * * * * * *
Tetraaminopyrimidine sulfate 100% 1.05 * * * * * *
Toluene 100% * * * * * * *
n-Butyl acetate 100% * * * * * * *
Trichloroacetic acid AC 3% 13.90 13.80 16.29 16.11 15.03 1.36 9.0
Methyl isobutyl ketone 100% * * 0.81 * * * *
Ethyl trimethyl acetate 100% * * * * * * *
Methylcyclopentane 100% * * * * * * *
Glycerol AL 100% 121.62 180.72 8.26 208.93 129.88 88.87 68.4
Mean 50.6
Median 28.0
Mean when all four labs tested material 39.0

* Participating laboratory did not test the chemical because it determined that chemical was not4762
compatible with the test system.4763

4764
Table 7-15 Distribution of product categories for the4765
interlaboratory reproducibility of the EC/HO study.4766

Product Categories Number of products
tested

Surfactants 12
Acids 5
Bases 3

Solvents 12
Other
Total

4767
4768

For more details of each of these studies plus additional information on4769
interlaboratory reproducibility please see Section 5. Between-laboratory4770
reproducibility in the Cytosensor BRD.4771

4772
The results from the COLIPA study are broken down into three categories: 1)4773

surfactants (Table 7-16), 2) surfactant-based formulations and mixtures (Table 7-4774
17), and 3) non-surfactants, ingredients and mixtures (Table 7-18). For the 134775
surfactants, both laboratories tested 10, but one laboratory found 2 materials that4776
did not meet the testing criteria. The mean CV for the 2 laboratories was 23.3% for4777
the surfactants, 16.5% for the 7 surfactant-based formulations and mixtures and4778
32.5% for the 9 non-surfactants. The distribution of product categories for the4779
interlaboratory reproducibility of the COLIPA study is shown in Table 7-19.4780

4781
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Table 7-16 Surfactant Materials - Between-laboratories reproducibility of Cytosensor4782
Microphysiometer results from COLIPA study.4783

MRD50 Values
(mg/mL)

Mean
MRD50

(mg/mL)
SD CV (%)

Chemical Formulation
Tested

Conc.
tested

MA CT AB

Triton X-100 1% SU 1% 21.17 16.79 18.98 3.1 16.3
Tween 20 SU 100% 9.5 3.49 6.50 4.25 65.4
SLS 3% SU 3% 3.23 2.78 3.00 0.32 10.6
Triton X-100 5% SU 5% 4.66 2.42 3.54 1.58 44.7
Benzalkonium chloride 1% SU 5% 4.11 4.33 4.22 0.16 3.7
SLS 15% SU 1% 0.52 0.51 0.51 0.01 1.0
SLS 30% SU 100% 0.31 * *
Triton X-100 10% SU 15% 2.47 1.24 1.85 0.87 46.8
Benzalkonium chloride 5% SU 30% 0.81 1.38 1.1 0.4 36.7
Benzalkonium chloride 10% SU 10% 0.32 0.31 0.31 0.01 3.2
Cetylpyridinium bromide 6% SU 100% 1.36 * *
Cetylpyridinium bromide 10% SU 100% * *
Polyethylene glycol 400 SU 100% 296.5 316.23 306.36 13.95 4.6
Mean 23.3
Median 13.5

* - Participating laboratory did not test the chemical because it determined that chemical was not4784
compatible with the test system.4785

4786
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Table 7-17 Surfactant based formulations and mixtures - Between-laboratories reproducibility4787
of Cytosensor Microphysiometer results from COLIPA study.4788

MRD50 Values (mg/mL)
Chemical Formulation

Tested
Conc.
tested MA CT AB

Mean
MRD50

(mg/mL)
SD CV (%)

Perfumed skin lotion SU 100% * *
Eye make-up remover SU 100% 87.77 99.31 93.54 8.16 8.7
Hair dye base F#1 SU 100% * *
Pump Deodorant SU 5% 19.35 47.74 33.54 20.08 59.9
Emulsion antiperspirant SU 100% * *
Gel cleaner SU 100% 5.68 5.47 5.58 0.15 2.6
Sunscreen SPF 15 SU 100% * *
Hydrophilic ointment SU 100% * *
Hair conditioner SU 100% * *
Moisturiser with sunscreen SU 100% * *
Hair dye base form #3 SU 100% * *
Polishing scrub SU 100% * *
Shampoo #1 normal SU 100% 0.75 0.72 0.74 0.02 2.2
Hand cleaner SU 100% * *
Hand soap SU 100% * *
Shampoo - baby SU 100% 2.51 2.15 2.33 0.25 10.8
Liquid soap #1 SU 100% 0.88 0.68 0.78 0.14 18.5
Shampoo antidandruff SU 100% * *
Shampoo 2-in-1 SU 100% * *
Cleansing foam III SU 100% * *
Shower gel SU 100% * *
Skin cleaner SU 100% 0.63 0.76 0.7 0.09 13.0
Mean 16.5
Median 10.8
* - Participating laboratory did not test the chemical because it determined that chemical was not4789
compatible with the test system.4790

4791
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Table 7-18 Non-Surfactants, ingredients, and mixtures – Between-laboratories reproducibility4792
of Cytosensor Microphysiometer results from COLIPA study.4793

MRD50 Values (mg/mL)
Chemical Formulation

Tested
Conc.
Tested MA CT AB

Mean
MRD50

(mg/mL)
SD CV (%)

Blush 100% * *
Eye liner 100% * *
n-Butyl acetate 100% * *
Imidazole 100% 18.84 26.03 22.43 5.09 22.7
Propylene glycol 100% 265.07 218.86 241.97 32.67 13.5
Glycerol SO 100% 214.83 208.7 211.77 4.34 2.0
Ethyl acetate 100% * *
Sodium hydroxide 1% AL 1% 9.09 13.59 11.34 3.19 28.1
Isopropanol SO 100% 52.59 124.51 88.55 50.86 57.4
Methyl ethyl ketone 1% 54.18 * 54.18
Sunscreen lotion 10% * *
Cologne 100% * *
Eye shadow 100% * *
Mascara 100% * *
Hair styling lotion 100% 164.82 292.01 228.41 89.94 39.4
Mouthwash 100% 37.84 46.85 42.35 6.37 15.0
Toothpaste 100% * *
Hair dye base form #2 100% * *
Sodium hydroxide 10% AL 6% 4.33 0.6 2.47 2.64 106.9
Trichloroacetic acid 30% AC 30% 1.12 1.24 1.18 0.09 7.3
Mean 32.5
Median 22.7

* - Participating laboratory did not test the chemical because it determined that chemical was not4794
compatible with the test system.4795

4796
Table 7-19 Distribution of product categories for the4797
interlaboratory reproducibility of the COLIPA study.4798

Product Categories Number of products
tested

Surfactants 22
Acids 1
Bases 2

Solvents 2
Other 15
Total 41
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7.2 EpiOcular model4799

7.2.1 EpiOcular intralaboratory repeatability for antimicrobial cleaning4800
products submitted by participating companies (within run and between4801
experiments)4802

4803
The within-run reproducibility can be assessed for some (15) of the4804

formulations submitted for this study (Table 7-20). Studies were completed with at4805
least 4 exposure times and on duplicate tissues for each exposure time. The4806
distribution of product categories for the intralaboratory repeatability of the4807
EpiOcular assay is shown in Table 7-21.4808

4809
Table 7-20 EpiOcular intralaboratory repeatability both within run and between experiments4810

Code Class Assay
Date

EPA
Cat.

GHS
Cat. Conc. ET50

(min)
Exp.
Time
(min)

Tissue 1
(% Survival)

Tissue 2
(% Survival)

Mean
(%) S.D. CV

(%)

20 28.4 26.7 27.5 1.2 4.5
10 45.9 44.5 45.2 1.0 2.2
5 82.9 86.9 84.9 2.9 3.4

H AL 12/07/05 II 2A Neat 9.4

1 104.3 98.9 101.6 3.8 3.8
20 13.9 28.9 21.4 10.6 49.5
12 37.4 22.2 29.8 10.8 36.0
10 27.3 70.1 48.7 30.2 62.1
5 76.8 80.9 78.8 2.8 3.6

H AL 04/05/06 II 2A Neat 9.8

1 89.4 87.6 88.5 1.3 1.5
20 17.6 25.4 21.5 5.5 25.6
12 15.1 29.9 22.5 10.5 46.7
10 29.8 56.6 43.2 18.9 43.9
5 78.3 81.9 80.1 2.5 3.1

H AL 04/05/06 II 2A Neat 9.1

1 90.4 92.0 91.2 1.1 1.2
45 19.3 23.4 21.4 2.9 13.7
20 46.1 48.4 47.3 1.6 3.4
10 80.4 89.6 85.0 6.5 7.6

J SU 12/07/05 III 2B Neat 19.3

5 95.9 93.8 94.9 1.5 1.5
240 93.7 98.0 95.9 3.1 3.2
90 99.6 109.6 104.6 7.0 6.7
45 105.6 114.5 110.1 6.3 5.7

K RC 12/07/05 IV NI Neat > 240

20 98.8 107.9 103.4 6.4 6.2
240 21.0 27.4 24.2 4.5 18.7
90 57.6 58.5 58.1 0.7 1.1
45 88.4 92.1 90.3 2.6 2.9

P AL 12/07/05 IV NI Neat 125.8

20 126.8 127.9 127.4 0.8 0.6
240 9.2 16.2 12.7 5.0 39.2
90 36.9 37.6 37.3 0.5 1.4
45 72.6 73.4 73.0 0.5 0.7

P AL 04/05/06 IV NI Neat 74.0

20 125.1 119.8 122.5 3.7 3.1
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4811

Code Class Assay
Date

EPA
Cat.

GHS
Cat. Conc. ET50

(min)

Exp.
Time
(min)

Tissue 1
(% Survival)

Tissue 2
(% Survival)

Mean
(%) S.D. CV

(%)

240 83.5 82.0 82.8 1.1 1.3
90 96.8 80.8 88.8 11.3 12.8
45 110.9 97.2 104.1 9.7 9.3

R SU 12/07/05 IV NI Neat > 240

20 92.8 99.1 96.0 4.4 4.6
240 8.3 8.8 8.5 0.4 4.1
90 8.5 9.5 9.0 0.7 7.3
45 19.6 20.7 20.1 0.8 4.0

T AC 12/07/05 IV NI Neat 31.6

20 75.7 76.2 76.0 0.3 0.4
45 41.1 48.8 44.9 5.4 12.1
20 62.6 74.3 68.5 8.3 12.1
10 84.4 90.8 87.6 4.5 5.2

W SU 12/07/05 IV NI Neat 39.6

5 96.2 104.8 100.5 6.1 6.1
90 14.9 29.1 22.0 10.0 45.4
45 52.2 43.9 48.0 5.9 12.2
20 78.5 77.6 78.1 0.6 0.8

W SU 04/05/06 IV NI Neat 43.3

5 91.0 88.7 89.8 1.6 1.8
20 25.8 25.0 25.4 0.6 2.3
10 53.1 58.8 56.0 4.0 7.2
5 68.4 69.1 68.8 0.5 0.7

V SU 12/07/05 IV NL Neat 12.0

1 103.6 97.1 100.3 4.6 4.6
20 0.8 0.8 0.8 0.0 5.9
10 0.7 0.6 0.6 0.1 14.9
5 4.9 6.9 5.9 1.4 23.6

AT RC 12/07/05 I 1 Neat <1

1 9.0 14.3 11.6 3.7 32.2
20 0.9 0.9 0.9 0.0 0.0
10 0.8 1.0 0.9 0.1 10.5
5 3.8 2.7 3.2 0.8 23.8

AU RC 12/07/05 I 1 Neat <1

1 5.1 7.7 6.4 1.9 29.3
20 1.1 0.8 0.9 0.1 15.2
10 1.1 1.8 1.5 0.5 32.9
5 2.4 1.9 2.1 0.4 18.0

AV RC 12/07/05 I 1 Neat <1

1 3.8 8.1 6.0 3.0 50.6
240 96.7 101.6 99.2 3.5 3.5
90 104.6 106.6 105.6 1.4 1.3
45 90.7 101.6 96.1 7.7 8.0

BB SO 12/07/05 IV SCN
M Neat >240

20 104.0 96.4 100.2 5.4 5.4
20 37.8 32.8 35.3 3.5 10.1
10 40.5 49.1 44.8 6.1 13.6
5 82.7 91.7 87.2 6.4 7.3

BK 12/07/05 III NI Neat 9.4

1 107.5 106.2 106.8 0.9 0.9
20 14.5 16.3 15.4 1.2 8.0
10 18.4 18.4 18.4 0.0 0.0
5 43.0 53.7 48.4 7.6 15.7

BM SO 12/07/05 IV NI Neat 4.9

1 97.6 99.7 98.7 1.4 1.4
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4812

Code Class Assay
Date

EPA
Cat.

GHS
Cat. Conc. ET50

(min)

Exp.
Time
(min)

Tissue 1
(% Survival)

Tissue 2
(% Survival)

Mean
(%) S.D. CV

(%)

20 37.3 34.7 36.0 1.8 5.1
10 34.7 29.4 32.1 3.8 11.8
5 60.7 58.0 59.4 1.9 3.2

BL SO 12/07/05 IV NI Neat 6.7

1 100.8 104.5 102.6 2.6 2.6
4813

Table 7-21 Distribution of product categories for the4814
intralaboratory repeatability of the EpiOcular assay.4815

Product Categories Number of products
tested

Surfactants 4
Acids 1
Bases 2

Solvents 3
Oxidizers 4

Other 1
Total 15

7.2.2 EpiOcular intralaboratory reproducibility (between experiments)4816
4817

Intralaboratory reproducibility for EpiOcular can be estimated from the repeat4818
testing of a single material (0.3% Triton X-100) over a nine year period (Table 7-22).4819
Percent CV for the two laboratories combined was 20.7% and for a single laboratory4820
(IIVS) was 22.2% (eight years only). The standard deviation range for the 0.3%4821
Triton X-100 over a nine year period is described in Table 7-23.4822

4823
Table 7-22 Intralaboratory reproducibility of EpiOcular tissue over a nine year period from4824
1997 through 2005 for two different laboratories.4825

Test Material Mean ET50
Value (min)

Standard
Deviation (min) CV (%)

0.3% Triton X-100
(Combined data from MatTek and IIVS) 26.1 5.4 20.7

0.3% Triton X-100
(IIVS only-through Oct., 2004) 27.0 6.0 22.2

4826
Table 7-23 Standard deviation range for 0.3% Triton X-100 for EpiOcular tissue over a nine4827
year period.4828

SD Range 1997
(%)

1998
(%)

1999
(%)

2000
(%)

2001
(%)

2002
(%)

2003
(%)

2004
(%)

2005
(%)

1997-
2005

YTD (%)
0.0 to 0.5 41 52 36 29 35 32 36 33 47 38
0.5 to 1.0 35 26 31 25 36 22 26 27 35 29
1.0 to 1.5 20 17 24 27 20 31 25 19 15 22
0.0 to 1.5 95 95 92 81 91 85 87 79 97 89
1.5 to 2.0 5 5 8 18 9 15 13 21 3 11
# Production Lots >50 >50 >50 >50 >50 >50 >50 >50 >50 >500
Average ET50 (min) 22.9 25.0 22.1 20.7 22.9 22.5 24.1 22.2 24.77 23.00

�

C-260

ICCVAM AMCP Evaluation Report



EPA Toxicity Labeling Background Review Document 7 Test Method Reliability

EPA BRD-Final Report Page 167 of 215

Additional information on the intralaboratory reproducibility of EpiOcular can4829
be found in the BRD prepared for ECVAM.4830

7.2.3 EpiOcular interlaboratory reproducibility4831
4832

Data on interlaboratory reproducibility can be found in the BRD prepared for4833
ECVAM. Two specific examples from two phases of a validation study conducted for4834
Colgate-Palmolive are shown below. This validation study was conducted with4835
surfactants and surfactant-containing products to investigate a different prediction4836
model than is presented in this BRD. The prediction model tested in Phase II (Table4837
7-24) and Phase III (Table 7-25) is based on Draize MAS scores, and consequently4838
the reproducibility comparisons are based on predicted MAS scores, not directly on4839
ET50 values. However, the values given do reflect the reproducibility that can be4840
expected using ET50 values as is done in this BRD. It can be seen that the mean4841
%CV in Phase II (4 laboratories) was 18.1% and in Phase III (2 labs) was 11.8%.4842
The distribution of product categories for the interlaboratory reproducibility of the4843
EpiOcular assay is shown in Table 7-26.4844

4845
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Table 7-24 Interlaboratory reproducibility of four laboratories in the Colgate-Palmolive Phase4846
II validation study.4847

Predicted Draize Score
Test Material Formulation

Type Lab 1 Lab 2 Lab 3 Lab 4
Average SD CV

(%)
Shampoo #1 (2 in 1) SU 14.5 16.7 18.9 18.2 17.1 1.9 11.4
Shampoo #2 (Regular) SU 28.6 27.2 31.3 30.6 29.4 1.9 6.4
Shampoo #3 (Regular) SU 29.7 25.5 30.5 32.4 29.5 2.9 9.9
Dishwashing Liquid SU 79.7 58.2 35.1 97 67.5 26.8 39.7
All purpose cleaner SU 23.5 20.5 21.2 28.1 23.3 3.4 14.7
Disinfectant cleaner SU 40 36.4 45.7 34.8 39.2 4.8 12.3
Sodium linear alkylbenzene
sulfonate SU 36.1 39.8 38.4 40.5 38.7 1.9 5.0

30% Dimethyltetradecylamine
oxide SU 58.3 88.3 84.7 50.2 70.4 19.0 27.0

1.5% branched
alkyldimethylamine SU 21.6 22.3 26.4 23.8 23.5 2.1 9.0

PPG-5 Ceteth-20 SU 3.1 3.4 4.8 3.6 3.7 0.7 20.0
C9-11 Alcohol ethoxylate
EO6:1 SU 61.7 53.7 33.7 32.1 45.3 14.7 32.5

C12-14 Alcohol ethoxylate
2EO SU 6 4.9 9.9 7.1 7.0 2.1 30.8

C12-16 Alcohol ethoxylate
3EO SU 8.7 10.3 11.2 9.8 10.0 1.0 10.4

2.46% Lauryl hydroxysultaine SU 24.2 25.1 27.3 23.5 25.0 1.7 6.6
10% Polyoxyethylene (10)
oleyl ether SU 1.8 3.1 3.1 4.3 3.1 1.0 33.2

3.2% Benzalkonium chloride SU 71.8 60.3 78.8 62.2 68.3 8.6 12.6
36% Sodium methyl 2-
sulfonate & disodium 2-
sulfolaurate

SU 35.4 39.8 36.2 34.8 36.6 2.2 6.1

2.4% Imidazolium compound SU 1.8 2.5 2.8 1.8 2.2 0.5 22.7
C12-15 Alcohol ethoxylate
EO7:1 SU 6.2 5 8.7 10.7 7.7 2.6 33.4

Mean CV (%) 18.1
Median CV (%) 12.6

4848
Table 7-25 Interlaboratory reproducibility of two laboratories in the Colgate-Palmolive Phase4849
III validation study.4850

4851
Predicted

Draize ScoreTest Material Formulation
Type

Concentration
Tested Lab 1 Lab 2

Average SD CV
(%)

1-decanaminium, N-decyl-N,N-
dimethyl, Cl- SU 50% 97 97

97.0 0.0 0.0
20% Myristalkonium chloride/ 20%

Quaternium-14 SU 100% 97 92.2 94.6 3.4 3.6

Alkyldimethyl benzyl ammonium
Cl- SU 5% 60 84 72.0 17.0 23.6

Ammonium lauryl sulfate SU 12% 25.5 25.4 25.5 0.1 0.3
Ammonium lauryl sulfate SU 28% 34.3 29.4 31.9 3.5 10.9
Ammonium nonoxyl-4 sulfate SU 10% 17.5 19.4 18.5 1.3 7.3
Behentrimonium methosulfate &
cetearyl alcohol SU 100% 1.8 1.8 1.8 0.0 0.0
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4852
Predicted

Draize ScoreTest Material Formulation
Type

Concentration
Tested Lab 1 Lab 2

Average SD CV
(%)

Benzalkonium chloride SU 0.10% 1.8 1.8 1.8 0.0 0.0
Benzalkonium chloride SU 0.50% 18.1 24.2 21.2 4.3 20.4
Benzalkonium chloride SU 1% 27.9 35.5 31.7 5.4 17.0
Benzalkonium chloride SU 2.50% 66.4 65.8 66.1 0.4 0.6
Benzalkonium chloride SU 5% 68.3 96.5 82.4 19.9 24.2
Benzalkonium chloride SU 10% 90.2 97 93.6 4.8 5.1
Benzethonium chloride SU 3.20% 42.1 56.5 49.3 10.2 20.7
Benzethonium chloride SU 1.00% 29.2 41.7 35.5 8.8 24.9
Branched alkyldimethylamine SU 1.50% 16.8 20.4 18.6 2.5 13.7
Branched alkyldimethylamine SU 30% 97 97 97.0 0.0 0.0
C10-12 Alcohol ethoxylate (PO) SU 100% 87.6 80.6 84.1 4.9 5.9
Ceteareth-12 SU 100% 1.8 4.1 3.0 1.6 55.1
Cetrimonium chloride SU 2.50% 22.2 19.7 21.0 1.8 8.4
Cetyl alcohol SU 100% 1.8 1.8 1.8 0.0 0.0
Cetylpyridinium bromide SU 10% 25.2 24.8 25.0 0.3 1.1
Cetylpyridinium bromide SU 0.1% 1.8 1.8 1.8 0.0 0.0
Cetylpyridinium bromide SU 1% 10.2 17.8 14.0 5.4 38.4
Cocamidopropyl betaine SU 10% 23.7 32.6 28.2 6.3 22.4
Cocamidopropyl betaine SU 30% 44.1 46.4 45.3 1.6 3.6
Decyl glucoside SU 10% 21.1 23 22.1 1.3 6.1
Didecyldimethyl ammonium
chloride (DDAC) SU 1% 32.5 39.9 36.2 5.2 14.5

Didecyldimethyl ammonium
chloride (DDAC) SU 3.20% 62.9 72.9 67.9 7.1 10.4

Didecyldimethyl ammonium
chloride (DDAC) SU 5% 9 14.8 11.9 4.1 34.5

Lauryl glucoside SU 12% 2.5 3.4 3.0 0.6 21.6
Myristalkonium
chloride/Quaternium-14/Ethanol SU 3% 40.2 59.5 49.9 13.6 27.4

Myristalkonium
chloride/Quaternium-14/Ethanol SU 20% 62.8 97 79.9 24.2 30.3

PPG-5-Ceteth 20 SU 100% 1.8 3.5 2.7 1.2 45.4
Quaternium-18 SU 100% 1.8 1.8 1.8 0.0 0.0
Shampoo #4 SU 10% 14.3 15.3 14.8 0.7 4.8
Sodium C14-16 olefin sulfonate SU 10% 19.2 20 19.6 0.6 2.9
Sodium ether sulfate 3EO SU 30% 30.6 30.5 30.6 0.1 0.2
Sodium laureth sulfate SU 12% 18.5 21 19.8 1.8 9.0
Sodium laureth sulfate SU 25% 23.7 27.1 25.4 2.4 9.5
Sodium lauroyl sarcosinate SU 10% 24.8 23.2 24.0 1.1 4.7
Sodium lauroyl sarcosinate SU 30% 33 35.1 34.1 1.5 4.4
Sodium lauryl sulfate SU 3% 23.2 24 23.6 0.6 2.4
Sodium lauryl sulfate SU 10% 30.3 33.4 31.9 2.2 6.9
Sodium lauryl sulfate SU 15% 34.7 36.8 35.8 1.5 4.2
Sodium lauryl sulfate SU 20% 39.6 41.8 40.7 1.6 3.8
Sodium lauryl sulfate SU 30% 39.6 47.3 43.5 5.4 12.5
Sodium methyl 2-sulfonate &
disodium 2-sulfolaurate SU 39% 33.4 35.3 34.4 1.3 3.9
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Predicted
Draize ScoreTest Material Formulation

Type
Concentration

Tested Lab 1 Lab 2
Average SD CV

(%)

TEA-lauryl sulfate SU 20% 26.5 32.1 29.3 4.0 13.5
Triton X-100 SU 1% 9.7 12.1 10.9 1.7 15.6
Triton X-100 SU 2.50% 24.1 22.8 23.5 0.9 3.9
Triton X-100 SU 5% 36.6 46 41.3 6.6 16.1
Triton X-100 SU 10% 51.8 53.7 52.8 1.3 2.5
Triton X-100 SU 20% 50.2 63.8 57.0 9.6 16.9
Mean CV (%) 11.8
Median CV (%) 7.1

4853
Table 7-26 Distribution of product categories for the4854

interlaboratory reproducibility of the EpiOcular assay.4855
Product Categories Number of products

tested

Surfactants 73 (including unique
dilutions of products)

Acids 0
Bases 0

Solvents 0
Other 0
Total 73
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7.3 BCOP assay4856

7.3.1 BCOP intralaboratory repeatability4857

7.3.1.1 BCOP within-run reproducibility for antimicrobial cleaning products data4858
4859

Data from 75 runs (255 corneas; 3-5 corneas per run) of the BCOP assay for4860
antimicrobial cleaning products are presented in Table 7-27. This table displays, for4861
each test material run, the mean value and the mean %CV for the three main4862
parameters of the BCOP assay – opacity, permeability, and in vitro score. Also4863
presented is the overall mean of the %CV for each of the parameters. The4864
distribution of product categories for the within-run reproducibility of the BCOP4865
assay is shown in Table 7-28.4866

4867
BCOP scores in the very low range (arbitrarily set in this BRD as �10) can4868

often generate high %CV’s, but these %CV’s have no practical use in evaluating the4869
utility of the assay since the individual measurements may only differ by one or two4870
units on a scale that reaches into the hundreds. For example, the three opacity4871
readings of 0, 2, 3 yield an extraordinarily high %CV of 91.7% even though the three4872
values are essentially the same when the overall scale is considered. Therefore,4873
%CV’s from materials whose average in vitro score is �10 (first section of Table 7-4874
27) will be considered separately from the %CV’s of those materials whose average4875
in vitro score is >10 (second section of Table 7-27)..4876

4877
Table 7-27 indicates that there is a large difference between the %CV’s for4878

BCOP values where the average In Vitro Score is � 10 and those cases where it is4879
>10. The average %CV’s for opacity values, permeability values and in vitro scores,4880
in the first case, are 266%, 167.1% and 66.4%, respectively. However, in the4881
second case they are much lower: 27.9%, 24.1% and 18.3%, respectively. It is clear4882
that where small opacity values are recorded (the first case), the percent CV is4883
really meaningless as a way of judging reproducibility. However, in the second case4884
with higher numbers the average %CV’s indicate that the BCOP assay has a high4885
within run reproducibility.4886

4887
4888
4889
4890

�
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7.3.1.2 BCOP within-run reproducibility for a wide range of materials4908
4909

The BCOP within-run variability has been assessed in the Bovine Corneal4910
Opacity and Permeability Test Method Background Review Document prepared by4911
NICEATM (appended to this report). The within-run variability for the single4912
parameter of in vitro score is presented in Tables 7-1 to 7-3, 7-7 and 7-9 of that4913
document. It should be noted that in each of the tables the mean %CV is4914
significantly influenced by several CV’s of greater than 100 generated by the very4915
low overall scores of very mild materials. For example, in Table 7-1 if the last four4916
CV’s generated from the extremely low scores of the mild materials are ignored, the4917
mean %CV falls from 48.3% to 18.6%!4918
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7.3.2 BCOP intralaboratory reproducibility4919
4920

The BCOP interlaboratory reproducibility can be evaluated based not only on4921
data from studies on antimicrobial cleaning products that were submitted to support4922
this specific BRD, but also on the information contained in the Bovine Corneal4923
Opacity and Permeability Test Method Background Review Document prepared by4924
NICEATM.4925

7.3.2.1 BCOP intralaboratory reproducibility for antimicrobial cleaning products data4926
4927

Table 7-29 presents intralaboratory reproducibility data for 5 different anti-4928
microbial cleaning products tested from 2 – 6 times in the same laboratory. It can be4929
seen that the individual %CV’s range from 2.6 – 49.2%, and the mean4930
intralaboratory %CV for the 5 materials is 20.3%. The highest CV of 49.2% is the4931
result of two extremely high in vitro scores, already well above the proposed cutoff4932
of 75 for EPA I or GHS 1 toxicity categories. Thus we consider the impact of this4933
high CV to be negligible. The distribution of product categories for the4934
intralaboratory reproducibility for antimicrobial cleaning products is shown in Table4935
7-30.4936

4937
Table 7-29 Intralaboratory reproducibility for 5 antimicrobial cleaning products. See Table 7-4938

27 for individual cornea scores.4939

Substance Formulation
Type

Mean In vitro
Irritancy Score

(n = 3-5 corneas)

No. of
Exp. Mean S.D. %CV

360.5F RC
174.4

2 267.5 131.6 49.2%

9.2
11.4
15.2
13

13.8

H AL

21.3

6 14.0 4.1 29.6%

191.8AV RC
175.3

2 183.6 11.7 6.4%

157.3
AX SO 163.2 2 160.3 4.2 2.6%

78.3
BJ AL

95.1
2 86.7 11.9 13.7%

Mean %CV 20.3%
Median %CV 13.7%

4940
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Table 7-30 Distribution of product categories for the intralaboratory4941
reproducibility for antimicrobial cleaning products.4942

Product Categories Number of products
tested

Surfactants 0
Acids 0
Bases 2

Solvents 1
Oxidizers 2

Other 0
Total 5

7.3.2.2 BCOP intralaboratory reproducibility for a wide range of materials4943
4944

The BCOP intralaboratory variability has been assessed in the Bovine4945
Corneal Opacity and Permeability Test Method Background Review Document4946
prepared by NICEATM. The intralaboratory variability for the single parameter of in4947
vitro score is presented in Tables 7-4 to 7-6 of that document. The mean %CV’s for4948
each of the respective tables are: 12.6%, 14.8% and 14.0%4949

4950

7.3.3 BCOP interlaboratory reproducibility4951

The Bovine Corneal Opacity and Permeability Test Method Background4952
Review Document prepared by NICEATM is the best source of interlaboratory4953
reproducibility information. This document presents data from an interlaboratory4954
study by Gautheron (1994) (Table 7-31), Balls et al (1995) (Table 7-33) and4955
Southee (1998) (Table 7-35). These data are very useful since the in vitro BCOP4956
data for all of the anti-microbial cleaning products presented in this document were4957
all conducted in one laboratory (IIVS). Thus interlaboratory variability for the specific4958
BCOP antimicrobial cleaning products data could not be assessed.4959

All three of the above studies are analyzed by %CV of the mean results of4960
the participating laboratories. This is a reasonable way of assessing variability when4961
the results can vary over wide ranges, e.g., as it does with the Cytosensor assay,4962
but it can be extremely biased when used to characterize assays which are4963
constrained at the lower end of irritancy by scores which range around zero.4964
Fluctuations in these scores which are meaningless relative to the entire scoring4965
scale (approximately 500 for the BCOP assay) result in large CV’s which4966
inappropriately influence the overall CV of a study by raising the average CV4967
significantly. For example, BCOP scores of 1, 2, and 4 are all indicative of4968
essentially no toxicity and could be said to actually all represent the same score.4969
However, a calculation of the mean and CV of these three values results in a mean4970
of 2.3 and a CV of 65%! That same variation of one to three units at higher irritancy,4971
e.g., scores of 150, 151, and 154, results in a mean of 152.3 and a CV of 1.0%! To4972
get an accurate measurement of the true variability of scores, one should scan the4973
range of scores that are being considered and put more weight on the CV’s that4974
appear at mid-range than on the scores at the low end of the scale.4975

�

C-286

ICCVAM AMCP Evaluation Report



EPA Toxicity Labeling Background Review Document 7 Test Method Reliability

EPA BRD-Final Report Page 193 of 215

The Gautheron study reported data from 11-12 labs. The %CV’s were4976
consistently around 30% – 50% (median CV = 46.9%); however, the mean CV was4977
considerably higher at 167%. Inspection of the table shows that this high value is4978
mainly the result of the CV’s from mean values which are <5. The distribution of4979
product categories for the interlaboratory reproducibility for the Gautheron study is4980
shown in Table 7-324981

4982
Table 7-31 Coefficient of Variation Analysis of the Interlaboratory Variability of the BCOP Test4983
Method for Gautheron et al. (1994)14984

Substance Formulation
Type

Mean
Irritancy

Score
No. of
Labs %CV Prediction

2-Ethoxyethanol SO 91.3 12 16.5 Severe
2,4-Pentanedione SO 59.8 12 24 Severe
Allyl alcohol SO 156 12 27 Severe
Imidazole 87.9 12 28.5 Severe
Furan 56 12 29.4 Severe
Benzethonium chloride SU 133.9 11 31.7 Severe
Butyrolactone 45.6 12 32.2 Moderate
Cyclohexanone SO 105.6 11 33.3 Severe
2-Methoxyethanol SO 63.5 11 33.6 Severe
Laurylsulfobetaine SU 80.6 11 34 Severe
Ethyl acetoacetate 31.8 11 34.9 Moderate
Gluconolactone 76.6 11 35 Severe
Methylisobutyl ketone SO 19.9 11 36 Mild
Pyridine SO 112.8 11 38.4 Severe
Ethanol SO 60.7 11 39.1 Severe
3-Glycidoxypropyltrimethoxysilane 16.6 12 40 Moderate
N-Lauroylsarcosine, sodium salt SU 50 11 41.7 Moderate
Octanol SO 47.4 11 41.7 Moderate
Deoxycholic acid, sodium salt SU 93.5 12 43 Severe
2-Aminophenol 7 12 43.5 Mild
Hexadecyltrimethylammonium bromide 66.4 11 45.2 Severe
1-Phenyl-3-pyrazolidone 12.9 12 46.5 Mild
Dibenzoyl-L-tartaric acid 120.5 11 46.8 Severe
Dimethyl sulfoxide SO 11.4 11 46.9 Mild
1-Nitropropane SO 7.6 12 46.9 Mild
1 ,2,4-Trimethylbenzene 16.1 12 47 Mild
Propyl-4-hydroxybenzoate 7.9 11 48 Mild
Promethazine hydrochloride 112.4 11 49.3 Severe
1 ,2,3-Trichloropropane SO 47.5 11 50.3 Moderate
Diacetone alcohol SO 53.5 11 50.8 Moderate
Methanol SO 84.2 11 55.7 Severe
2,4-Dichloro-5-sulfamoylbenzoic acid 26.3 12 58.5 Moderate
Sodium oxalate 4.8 12 66 Mild
Quinacrine 31.1 11 74.8 Moderate
Petroleum ether SO 5.5 12 75.4 Mild
Dimethylbiguanide 2.9 11 82 Mild
Magnesium carbonate 3 11 83 Mild
Triethanolamine SO 2.2 11 101.5 Mild
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Substance Formulation
Type

Mean
Irritancy

Score
No. of
Labs %CV Prediction

Aluminum hydroxide 6.8 12 107 Mild
Tetraaminopyrimidine sulfate 6 11 107 Mild
Hexane SO 1.4 12 143 Mild
Iminodibenzyl 2.4 11 177.5 Mild
2-Mercaptopyrimidine -1.25 12 208 Mild
Triton X-155 SU 0.55 11 276 Mild
D L-Glutamic acid 0.58 12 330.6 Mild
An th r ac en e -0.33 12 430 Mild
Be ta i ne m ono h ydr a t e 0.92 12 432 Mild
M YRJ -4 5 SU -0.18 11 962 Mild
EDT A d i -po tass ium sa l t -0.33 12 1009 Mild
BR IJ - 3 5 SU -0.09 11 1280 Mild
Ph e n y lb u t a zo ne -0.17 12 1325 Mild

167.6 (all substances)M ean C V( %) 84 (excluding MYRJ-45, EDTA, BRIJ-35, phenylbutazone)
M ed ian C V( %) 46.9

1 Substances organized by increasing %CV.4985
4986

Table 7-32 Distribution (estimated) of product categories for the4987
interlaboratory reproducibility for the Gautheron study.4988

Product Categories Number of products
tested

Surfactants 7
Acids Unknown
Bases Unknown

Solvents 16
Oxidizers Unknown

Other Unknown
Total 23

4989
The Balls et al. study reported data from 5 labs. The %CV’s were consistently4990

around 25%-35% (median CV = 30.6%); however, the mean CV was considerably4991
higher at 125%. Again, inspection of the table shows that this very high value is4992
mainly the result of the CV’s from mean values which are <5. The distribution of4993
product categories for the interlaboratory reproducibility for the Balls study is shown4994
in Table 7-34.4995

4996
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Table 7-33 Coefficient of Variation Analysis of the Interlaboratory Variability of the BCOP Test4997
Method for Balls et al. (1995)4998

4999

Substance Formulation
Type

Mean
Irritancy

Score

No. of
Labs %CV Prediction

1 -Naphthalene acetic acid, Na salt 149.2 5 7.6 Severe
Benzalkonium chloride (10%) SU 136.5 5 10.9 Severe
Sodium hydroxide (1%) AL 150 5 12.3 Severe
Cetylpyridinium bromide (6%) SU 71.2 5 12.7 Severe
Acetone SO 123 5 14 Severe
Imidazole 112.7 5 14.5 Severe
Benzalkonium chloride (5%) SU 128.5 5 15.6 Severe
Methyl acetate SO 54.9 5 17.4 Moderate
Sodium hydroxide (10%) AL 271.9 5 17.6 Severe
Toluene SO 35.6 5 18.1 Moderate
Chlorhexidine 114 5 18.3 Severe
Trichloroacetic acid (3 0%) AC 264 5 18.7 Severe
Dibenzyl phosphate SO 378 5 18.8 Severe
2,2-Dimethylbutanoic acid AC 111.9 5 19.5 Severe
Pyridine SO 148 5 20.1 Severe
Promethazine hydrochloride 121.4 5 20.4 Severe
Trichloroacetic acid (3%) AC 75.9 5 21.1 Severe
Benzalkonium chloride (1 %) SU 88.8 5 21.7 Severe
Parafluoraniline 30.4 5 21.7 Moderate
Methyl ethyl ketone SO 70.4 5 22.6 Severe
4-Carboxybenzaldehyde 78.3 5 24 Severe
Ethanol SO 70.6 5 24.1 Severe
Cetylpyridinium bromide (10%) SU 72 5 24.2 Severe
Triton X-100 (5 %) SU 78.3 5 24.2 Severe
Triton X-100 (10 %) SU 70.3 5 25.3 Severe
Isobutanol SO 56 5 26.1 Severe
n-Hexanol SO 61.9 5 27 Severe
Sodium lauryl sulfate (15 %) SU 63.3 5 28 Severe
Cyclohexanol SO 60.1 5 28.5 Severe
2,6-Dichlorobenzoyl chloride 10.4 5 30.6 Mild
Sodium lauryl sulfate (3 %) SU 25.8 5 30.9 Mild
Isopropanol SO 57.9 5 31.3 Severe
Sodium perborate 97 5 35.8 Severe
Methyl isobutyl ketone SO 12.6 5 36 Mild
1-Naphthalene acetic acid 78.1 5 37.4 Severe
Butyl acetate SO 34.6 5 38.4 Moderate
Methyl cyanoacetate 12.2 5 39.2 Mild
Ethyl acetate SO 32 5 40.5 Moderate
Potassium cyanate 15 5 40.9 Mild
2,5-Dimethylhexanediol SO 20.8 5 41.6 Mild
Benzoyl-L-tartaric acid 169.6 5 43 Severe
gamma-Butyrolactone SO 60.7 5 45 Severe
Tetraaminopyrimidine sulfate 15.1 5 46.3 Mild
Methylcyclopentane SO 2.8 5 47.8 Mild
2-Ethyl-1-hexanol SO 39.8 5 48.2 Moderate
Cetylpyridinium bromide (0.1%) SU 9.2 5 51.4 Mild
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Substance
Mean

Irritancy
Score

No. of
Labs %CV Prediction

Maneb 40.5 5 58.3 Moderate
n-Octanol SO 40.9 5 58.8 Moderate
Ethyl-2-methylacetoacetate 14.4 5 65.3 Mild
Ethyl trimethyl acetate SO 17.8 5 66.3 Mild
Ammonium nitrate 9.8 5 69.7 Mild
L-Aspartic acid 1.3 5 73.6 Mild
Captan 90 concentrate 43.8 5 75.8 Moderate
Quinacrine 1.6 5 76.9 Mild
Fomesafen 60.7 5 89.4 Severe
Sodium oxalate 14 5 143 Mild
Polyethylene glycol 400 SU 1.1 5 145 Mild
Glycerol SO 0.26 5 712 Mild
Tween 20 SU -0.04 5 4511 Mild

Mean %CV 125 (all test substances)
50 (excluding Tween 20)

Median %CV 30.6
1Substances organized by increasing %CV.5000

5001
Table 7-34 Distribution of product categories (estimated) for5002

the interlaboratory reproducibility for the Balls study.5003
Product Categories Number of products

tested
Surfactants 12

Acids 1
Bases 2

Solvents 21
Oxidizers Unknown

Other Unknown
Total 36

5004
The Southee et al. study reported data from 3 labs. The% CV’s were5005

consistently around 15% - 25%% (median CV = 22.8%); however, the mean CV5006
was higher at 32%. Again, inspection of the table shows that this higher value is5007
mainly the result of the CV’s from mean values which are <5. The distribution of5008
product categories for the interlaboratory reproducibility for the Southee study is5009
shown for Table 7-36.5010

5011
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Table 7-35 Coefficient of Variation Analysis of the Interlaboratory Variability of the BCOP Test5012
Method for Southee (1998)5013

Substance Formulat ion
Type

Mean
Irr i tancy

Score

No. of
Labs %CV Predict ion

Butyl cellosolve SO 100.9 3 7.5 Severe
Benzalkonium chloride SU 160 3 8.5 Severe
NaOH (10%) AL 226 3 8.6 Severe
Imidazole 136.9 3 9.1 Severe
4-Carboxybenzaldehyde 46.7 3 9.5 Moderate
Parafluoroaniline 32.1 3 19.1 Moderate
Methyl ethyl ketone SO 82.5 3 21.6 Severe
Ethanol SO 48.7 3 22.1 Moderate
Ammonium nitrate 5.03 3 23.4 Mild
Hexadecyltrimethylammonium bromide (10%) 29.3 3 27.1 Moderate
Glycerol SO 0.72 3 33.5 Mild
Propyl-4-hydroxybenzoate 6.9 3 37.7 Mild
Triton X-100 (5%) SU 3.3 3 44.8 Mild
Sodium lauryl sulfate (15%) SU 9.7 3 57.1 Mild
Tween 20 SU 0.23 3 79.8 Mild
Sodium oxalate 3.6 3 108.8 Mild
Mean %CV 32.4
Median %CV 22.8

1Substances organized by increasing %CV5014
5015

Table 7-36 Distribution of product categories (estimated) for the5016
interlaboratory reproducibility for the Southee study.5017

Product Categories Number of products
tested

Surfactants 4
Acids Unknown
Bases 1

Solvents 4
Oxidizers Unknown

Other Unknown
Total 9

5018

Additional information on interlaboratory reproducibility is given in Section 75019
of the NICEATM BRD on the BCOP assay.5020
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8 Test Method Data Quality5021
5022

8.1 Adherence to National and International GLP Guidelines5023
5024

ICCVAM has suggested (ICCVAM 1997) that all data submitted in support of5025
a new method be generated by methodologies that adhere to national or5026
international GLP guidelines. It could not be ascertained that all of the in vitro data5027
contained in this BRD were generated under full GLP compliance, but where it could5028
be ascertained, that information is contained in the spreadsheets that form the5029
database from which this BRD was generated. All of the new in vitro data that were5030
generated during the course of constructing this BRD were conducted with full GLP5031
compliance.5032

5033

8.2 Data Quality Audits5034
5035

No data quality audits were conducted for the purpose of this BRD. Complete5036
GLP audits were, of course, conducted for the studies included in this BRD which5037
are identified as having been conducted with full GLP compliance.5038

5039

8.3 Impact of Deviation from GLP Guidelines5040
5041

The data were not evaluated for the effect of any GLP deviations that may5042
have been noted. However, in vitro data were accompanied by information that5043
Criteria for a Valid Test listed in the protocol had been fulfilled during the study.5044

5045

8.4 Availability of Laboratory Notebooks or Other Records5046
5047

Study notebooks, final reports, and other background documents are5048
available for the majority of in vitro studies reported here. These documents have5049
not been included with this BRD, but they will be available in a confidential form for5050
inspection upon the request of NICEATM or the EPA. Companies who submitted5051
data for this BRD did so with the understanding that their identities would not be5052
linked to any of the tested materials. Thus company identifiers will be removed from5053
any study notebooks or final reports which are requested by NICEATM or the EPA5054
for audit.5055

5056
5057
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9 Other Scientific Reports and Reviews5058
5059

The three in vitro methodologies (Cytosensor, EpiOcular, and BCOP assay)5060
that are addressed in this BRD have been the subject of three individual BRD’s.5061
Since two are still under review, only the BCOP BRD is appended to this BRD.5062

5063
The Cytosensor BRD was created under contract for ECVAM by IIVS. It has5064

undergone an independent data audit and has been reviewed for scientific content5065
by an independent management team designated by ECVAM. The final review for5066
validity of the method has not been completed but is underway.5067

5068
A BRD for the EpiOcular model has been created under contract to the5069

Colgate-Palmolive company by IIVS. It has been submitted to ECVAM and has5070
undergone a preliminary review by the ocular toxicology task force. Modifications5071
and additions have been made to the document at the request at the task force, and5072
it was resubmitted to ECVAM in December 2007.5073

5074
A BRD for the BCOP assay was created by NICEATM as part of their5075

program to identify the “Current Status of In Vitro Test Methods for Identifying5076
Ocular Corrosives and Severe Irritants”. It has been reviewed and modified and5077
exists on the internet at5078

http://iccvam.niehs.nih.gov/methods/ocutox/ivocutox/ocu_brd_bcop.htm.5079
5080
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10 Animal Welfare Considerations5081
5082

10.1 How the proposed non-animal testing strategy will refine, reduce or5083
replace animal use for the purpose of toxicity labeling of anti-microbial5084
cleaning products5085

5086
Currently the EPA Pesticides Program requires a rabbit eye irritation test to5087

determine the correct toxicity labeling category for ocular irritation. This test requires5088
between one (if the material is shown to be corrosive or severe) and three (to5089
determine less severe categories) rabbits for each product submitted for5090
registration. The testing strategy proposed in this BRD will completely replace the5091
use of laboratory animals in this registration process. Thus, no animals will be5092
subjected to pain and suffering for the purpose of determining the EPA labeling5093
category for eye irritation.5094

5095
In terms of overall animal use, the BCOP assay does use tissue from animals5096

(cattle), but these animals have already been slaughtered for the purpose of food5097
production at the time that the ocular tissue is obtained. The cattle undergo no5098
additional pain or suffering during the harvesting of the corneal tissue. In addition,5099
this tissue is normally discarded and would end up being wasted if it was not used to5100
prevent suffering to live animals.5101

5102
Neither the Cytosensor method nor the EpiOcular method use live animals. A5103

long established mouse cell line is used in the Cytosensor assay, but no new5104
animals have to be sacrificed to conduct the assay. The EpiOcular assay utilizes5105
only human tissue, and thus completely avoids the use of non-human animals.5106

5107
Thus, no animals are harmed or experience pain as a result of conducting5108

any of the three in vitro ocular irritation assays proposed in this testing strategy.5109
5110
5111
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11 Practical Considerations5112

11.1 Use by industry5113
5114

All of the companies involved in this validation effort conduct safety5115
evaluations of new cleaning products in a similar fashion to that shown in Figure 11-5116
1. However, the toxicity evaluation portion may be conducted differently depending5117
on the individual company’s specific product types and corporate experience and5118
expertise. The specific in vitro test or tests to be used are chosen with knowledge of5119
the historical performance of specific types of product chemistry with specific in vitro5120
tests. The test data that result may then be compared to previous product test5121
results contained in an historical database.5122

5123
Since no one company has managed to develop comprehensive experience5124

with the in vitro ocular activities of the entire range of anti-microbial cleaning5125
products (because each company manufactures only specific product lines), we5126
have attempted in this BRD to combine the experience and knowledge of all the5127
companies. Thus each company’s specific experience with its product line has been5128
combined with that of others to produce a broad, generalized approach which5129
covers the range of product types which exist in today’s market place and are5130
anticipated to be marketed in the reasonable future.5131

5132
Most of these companies have spent a number of years developing the data5133

we have presented here in the course of creating a safety evaluation approach5134
which protects consumers without the use of whole animal studies.5135

5136
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5137
Figure 11-1 Process of safety evaluations5138

5139
5140

Each of the tests described in this BRD has a long history of use by industry.5141
The history of use of the BCOP assay has been documented in detail by NICEATM5142
in the Background Review Document (BRD) “Current Status of In Vitro Test5143
Methods for Identifying Ocular Corrosives and Severe Irritants: Bovine Corneal5144
Opacity and Permeability Test Method” (NIEHS 2006). The BCOP assay is used as5145
an in-house screen to assess potential ocular irritation of a wide range of5146
substances resulting from accidental exposure in the workplace or home (Sina5147
1994; Swanson, Lake et al. 1995; Casterton, Potts et al. 1996; Chamberlain, Gad et5148
al. 1997; Harbell and Curren 1998; Cater, Nusair et al. 2002; Cuellar, Lloyd et al.5149
2003; Bailey, Freeman et al. 2004). A secondary application has been the use of the5150
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assay for product development. By comparing new formulations with marketed5151
materials of similar composition, manufacturers can evaluate the relative irritancy as5152
part of an initial safety screening. The BRD cites specific instances to illustrate the5153
applications of the assay for workplace safety (Chamberlain, Gad et al. 1997),5154
product safety, and/or product development (Cuellar N and Swanson J, personal5155
communications). In both instances, in vivo confirmatory testing is reduced or may5156
not be necessary. Details of the use of this assay can be found in Section 2.2.3.5157

5158
The Cytosensor microphysiometer assay has been used by companies since5159

its first introduction in the early 1990’s (Bruner, Miller et al. 1991) to assess eye5160
irritancy potential of liquid or water soluble ingredients or formulations. This5161
information is sometimes combined with other available information in integrative5162
toxicological evaluation, and final safety decisions are made based on this5163
information. Details can be found in the background description Section 2.2.1.5164

5165
The EpiOcular model is also used by industry as an in vitro assay to assess5166

eye irritation potential (Ghassemi, Osborne et al. 1997; Stern, Klausner et al. 1998).5167
As with the other two models, this information is sometimes combined with other5168
available information in integrative toxicological evaluation, and final safety5169
decisions are made based on this information. Details can be found in the5170
background description Section 2.2.2.5171

5172

11.2 Ease of transferability5173
5174

ECVAM has recently (Hartung, Bremer et al. 2004) discussed transferability5175
of tests. In their manuscript describing a modular approach to validation, they state5176
that transferability “should demonstrate that the test can be successfully repeated in5177
a laboratory different from the one which has developed or which was involved in5178
the optimization of the test”. Ease of transferability is supported by evaluating5179
interlaboratory reproducibility of the assay system. Details of interlaboratory5180
reproducibility for each of the three in vitro methods addressed in this BRD are5181
given in Section 7 of this BRD and in even greater detail in the accessory BRD that5182
is appended to this report.5183

5184

11.2.1 Facilities and major fixed equipment for the Cytosensor test method5185
5186

The major fixed equipment for the Cytosensor test method is the instrument5187
itself. When purchased new the instrument was quite expensive (>$100,000), but as5188
of Summer 2007 the instrument is no longer available from its former manufacturer,5189
Molecular Devices, Inc. (Menlo Park, CA). In addition, Molecular Devices has stated5190
that they will be able to sell disposable supplies for the machine only until their5191
current supply lasts. At this time (Summer 2008), we have discovered that they have5192
provided at least one user with the name of their third-party contractor(s) who5193
manufactures the disposables for them. This user has found that purchasing the5194

�

C-297

Appendix C – Summary Review Document



EPA Toxicity Labeling Background Review Document 11 Practical Considerations

EPA BRD-Final Report Page 204 of 215

disposable supplies directly from the original manufacturer (not Molecular Devices)5195
is possible, and he has shared the purchasing information with IIVS. None the less,5196
in anticipation of the dropping of support for the instrument, IIVS has purchased a5197
supply of disposables which should last for at least two years, and they have also5198
obtained repair parts that are also likely sufficient to support the instrument for more5199
than two years. Thus it is likely that testing can continue with the CM for a number of5200
years.5201

5202
More information on additional standard laboratory equipment needed to5203

support this assay is given in detail in the Cytosensor BRD prepared for ECVAM5204
which will be available after it has had a final review by ESAC.5205

5206

11.2.2 Facilities and major fixed equipment for the EpiOcular test method5207
5208

A general purpose tissue culture facility is required for the use of the5209
EpiOcular model. There should be provisions for handling the cultures in a sterile5210
environment as well as facilities for appropriately containing any toxic test materials5211
that might be utilized in the test.5212

5213
Major equipment would include a Class II Type A or B tissue culture hood,5214

37�C humidified incubator, and an inverted microscope. A 96-well plate reader is5215
highly desirable but not mandatory since a small spectrophotometer could also be5216
used.5217

5218
More information on additional standard laboratory equipment needed to5219

support this assay is given in detail in the EpiOcular BRD prepared for ECVAM5220
which will be attached to this BRD after it has had a final review by ESAC.5221

5222

11.2.3 Facilities and major fixed equipment for the BCOP test method5223
5224

The main facility requirements for the BCOP assay can be found in most any5225
standard biology laboratory. Sterile handling of the tissue is not an absolute5226
requirement and most experiments can be conducted on the bench top. Proper5227
containment is, of course, needed anytime that extremely toxic materials are tested.5228
One major piece of equipment required is the opacitometer which can be obtained5229
from Stag Bio (Clermont, France). The price of the opacitometer has risen5230
significantly over the years and is now quoted at ~$9000 per unit.5231

5232
More information on additional standard laboratory equipment needed to5233

support this assay is given in detail in the BCOP BRD (ICCVAM 2006) prepared by5234
NICEATM which will be attached to this BRD after it has had a final review by5235
ESAC.5236
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11.3 Training required5237
5238

Training in standard in vitro techniques and laboratory procedures is required5239
for all of the three assays in order to assure that the assay is run correctly. Since it5240
is likely that toxic materials may be tested in the assays, laboratory safety training5241
should also be required before a technician is allowed to conduct any of the assays.5242

11.3.1 Required level of training and expertise needed to conduct the5243
Cytosensor assay5244

5245
Two areas of training are especially important for the conduct of the5246

Cytosensor assay. The first is general tissue culture technique needed to culture the5247
L929 cells (or other cell lines) which are used as the target cells in the assay. The5248
second is specific operation of the Cytosensor itself. Although many of the functions5249
of the machine are programmed to occur automatically through the supplied5250
CytoSoft program, the technician still needs to learn how to program the general5251
parameters of each run into the controlling computer. This training is not arduous,5252
but should be continued until the technician can reproducibly test 3 to 5 compatible5253
materials with the Cytosensor such the values for the materials approach the5254
historic mean for those materials tested in that laboratory.5255

5256

11.3.2 Required level of training and expertise needed to conduct the5257
EpiOcular assay5258

5259
The techniques involved with the EpiOcular methodology are fairly standard5260

for those trained within an in vitro toxicology laboratory. No specific expertise5261
outside of that commonly used for tissue culture and toxic material handling is5262
required.5263

5264
Training for this specific method is required and is assisted by developing a5265

detailed laboratory workbook that outlines the procedures and the data that need to5266
be recorded at each step.5267

5268
In the IIVS laboratory, each technician is required to demonstrate acceptable5269

performance for the testing of five standard surfactant materials whose toxicities are5270
well established.5271

5272

11.3.3 Required level of training and expertise needed to conduct the BCOP5273
assay5274

5275
The following discussion of training for the BCOP assay is abstracted from5276

the NICEATM-prepared BCOP BRD appended to this report.5277
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5278
“A training period of between two to three months is usually required for a technician5279
with general laboratory skills to proficiently conduct all aspects of the standard5280
BCOP assay with reasonably little supervision. The individual would need basic5281
laboratory skills including5282

5283
� Aseptic technique,5284
� Knowledge and training in the preparation of dilutions,5285
� Training in the use of an analytical balance,5286
� Proficiency in the use of single channel pipettes5287
� Calibration and use of the spectrophotometer5288

5289
Specific laboratory skills would include5290

5291
� Identification of a bovine cornea free of corneal defects5292
� Excising the cornea from the bovine eye5293
� Mounting the cornea in a corneal holder without damaging the epithelium or5294

endothelium5295
� Addition of media without air bubbles to the posterior and anterior chamber5296
� Examination of mounted corneas for defects5297
� Addition of test material to the corneal chamber5298
� Washing the cornea (closed and open chamber) without inducing mechanical5299

damage5300
� Calibration and use of the opacitometer”5301

5302
“Evaluation of a technician for proficiency in the assay is based upon the5303

successful performance of the assay using positive and negative controls.5304
5305

The histopathological evaluation of the corneas requires skills in the preparation5306
and the evaluation of corneal tissue. Fixed corneas should be trimmed, embedded5307
and stained by a qualified histology laboratory. Proficiency in the evaluation of the5308
slides requires a training period of up to six months and is dependent on the5309
experience of the individual.”5310

11.4 Cost Considerations5311
5312

A GLP-compliant CM assay conducted at IIVS is $2,050 (minimum of 2 test5313
materials). Five or more materials run concurrently is $1,375 per test material.5314
These prices are currently used at IIVS. We know of no other commercial sources5315
for the CM assay.5316

5317
A GLP-compliant EO assay (range-finding plus definitive assay; positive and5318

negative control; duplicate tissues) conducted at IIVS is $3,700 for a single test5319
article. Five or more materials run concurrently is $2,750 per test material. A second5320
laboratory, MB Research Laboratories (Spinnerstown, PA), charges $2,200 per test5321
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article for two replicates at three time points and charges $3,225 for four time points5322
for one test article.5323

5324
The price for a GLP compliant BCOP assay at IIVS is approximately $1,8505325

for a single test substance, including positive and negative controls. Histopathology5326
can be performed on corneas from that same study for an additional $4,750. Costs5327
per test substance can be reduced considerably with the performance of multiple5328
materials run concurrently. For example, a single material tested in the BCOP assay5329
plus histology would be approximately $6,600, two materials run concurrently would5330
be approximately $3,900/test material, three materials run concurrently would be5331
approximately $3,480/test material and four materials run concurrently would be5332
approximately $3,300/test article. A second laboratory, MB Research Laboratories5333
(Spinnerstown, PA), charges $1,000 per test article with no histology and $1,900 per5334
test article with histology.5335

5336
The price for a GLP compliant in vivo Driaze test ranges from approximately5337

$1160 to $14,500 depending on the lab and the number of days the animals5338
remained on study.5339

5340
Unlike in vivo testing, in vitro testing lends itself to significant economies of5341

scale when evaluating multiple materials concurrently.5342

11.5 Time Considerations5343
5344

Timing for each of the three assays varies and is described for each below.5345
These times should be compared with a typical in vivo rabbit eye test which would5346
require a minimum of one to three days, although the assay must be extended up to5347
21 days if certain lesions don’t clear.5348

5349

11.5.1 Timing for Cytosensor test method5350
5351

The Cytosensor assay can actually be conducted in a single day, including5352
multiple runs of the test material. Completion of the final report would then take5353
several more days.5354

5355

11.5.2 Timing for EpiOcular test method5356
5357

The EpiOcular test generally takes one and one-half to two days in the5358
laboratory to complete. A two week lead time is usually required to obtain the5359
EpiOcular tissue from its manufacturer, MatTek Corporation. Again completion of5360
the final report would take several more days.5361

5362
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11.5.3 Timing for BCOP test method5363
5364

The standard BCOP assay can be completed in the laboratory in one day (an5365
extended day may be necessary for certain protocol modifications). Completion of5366
the final report would take several more days.5367

5368
If histology is required, e.g., if the BCOP score was <75, but >25, then5369

turnaround time would be considerably extended. Currently at IIVS it can take5370
several weeks to have the tissue processed and then more time to have the slides5371
read by a pathologist.5372

5373
Total time required for the assay if histology was require would be5374

approximately four weeks.5375
5376
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1.0 Cytosensor Reliability

Reliability (relative to EPA and GHS hazard categories) of the CM was
determined using the prediction model discussed in Chapter 6 – Test Method Predictive
Capacity, of the Background Review Document of an In Vitro Approach for EPA Toxicity
Labeling of Anti-Microbial Cleaning Products. This was the same prediction model
proposed in the Cytosensor Microphysiometer Bioassay Background Review Document
submitted to ECVAM and is given below:

1) If the anti-microbial cleaning product has an MRD50 score of <2 mg/ml, it
is classified as EPA Category I or GHS Category 1.

2) If the anti-microbial cleaning product has an MRD50 score of �2 mg/ml,
but < 80 mg/ml, it is classified as EPA Category III. If the anti-microbial
cleaning product has an MRD50 score of �2 mg/ml, but <10 mg/ml, it is
classified as GHS Category 2B.

3) If the anti-microbial cleaning product has an MRD50 score of �80 mg/ml,
it is classified as EPA Category IV. If the anti-microbial cleaning product
has an MRD50 score of �10 mg/ml, it is classified GHS Category NI.

All calculations in the following CM sections are based on this prediction model.

1.1 Cytosensor Intralaboratory Repeatability

An analysis of intralaboratory repeatability was conducted as part of the
Cytosensor Microphysiometer Bioassay Background Review Document submitted to
ECVAM. Since ECVAM has supplied that document to ICCVAM, we will just reproduce
the appropriate section here. Table and Figure designations follow those used in the
Background Review Document of Existing Methods for Eye Irritation Testing: Silicon
Microphysiometer and Cytosensor Microphysiometer.

5.2.2.3 Reproducibility of predicted hazard classifications for the EC/HO study

A comparison of the between laboratories reproducibility of the prediction of
hazard classifications is given in this section. Since none of the formal studies of the CM
reported on in this BRD had predetermined prediction models for hazard classifications
(although several did for Draize scores), the following analyses are based on prediction
models derived during the construction of this BRD and presented in Chapter 6 –
Predictive Capacity. Specifically these analyses of the EC/HO study are based on the
prediction models proposed in Section 6.1.3.1.

Tables 5.2.2.3.a and 5.2.2.3.b. present the predicted EU, GHS and EPA
classifications predicted for the surfactant and non-surfactant materials, respectively
from the MRD50 values produced by each of the four participating laboratories. These
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predictions were then consolidated into summary tables which are Tables 5.2.2.3.c and
5.2.2.3.d for the surfactants and non-surfactant materials, respectively.

Table 5.2.2.3.c shows that for the surfactant materials where all four laboratories
tested the materials (all but one of the cases) that 6 of the 11 materials were predicted
to be the same classification, 3 of the 11 materials were predicted identically by 3 of the
4 labs, and 2 of the materials had similar predictions between less than three of the
labs.

Table 5.2.2.3.d shows that for the non-surfactant materials where all four
laboratories tested the materials that 9 of 17 materials were predicted the same by all
four labs. Five materials had agreement between only 3 of the 4 labs and 3 of the 17
materials had agreement between less than 3 of the labs.

For the two non-surfactant materials where only three of the labs tested the
materials three labs agreed on one and only two labs agreed on the other. If only two
labs tested the materials, then both agreed for one material and both disagreed for the
remaining three materials.

It appears from the above data that as fewer labs decided that a material was not
testable under the constraints of the protocol, the reproducibility of the hazard
predictions became worse.
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Table 5.2.2.3.c Surfactant Materials – Agreement table for EU, GHS, and EPA classifications based on Cytosensor
MRD50 values for the EC/HO study.

Where 4 labs tested the material
Agreement EU GHS EPA
4 labs 6 6 6
3 labs 3 3 3
<3 labs 2 2 2

Table 5.2.2.3.d Non-Surfactant Materials – Agreement table for EU, GHS, and EPA classifications based on Cytosensor
MRD50 values for the EC/HO study.

Where 4 labs tested the material
Agreement EU GHS EPA
4 labs 9 9 9
3 labs 5 5 5
<3 labs 3 3 3

Where 3 labs tested the material
Agreement EU GHS EPA
3 labs 1 1 1
2 labs 1 1 1
<2 labs 0 0 0

Where 2 labs tested the material
Agreement EU GHS EPA
Both agree 1 1 1
Both disagree 3 3 3

1.2 Cytosensor Interlaboratory Reproducibility

As stated in our submitted BRD, there were no examples of interlaboratory reproducibility for
studies conducted specifically for developing the anti-microbial cleaning products testing strategy. As
far as can be determined, only one laboratory (IIVS) conducted the anti-microbial cleaning product
studies. However, two existing studies did provide data for this type of comparison. The first was the
EC/HO study which had four CM laboratories participating, and the second was the COLIPA validation
study which had two CM laboratories.

1.2.1 EC/HO Study

Reproducibility analyses of EPA hazard classifications for the EC/HO study are given in Tables
1-1 and 1-2 for surfactant materials and non-surfactant materials, respectively. Four laboratories
participated in the study, and for the surfactants (Table 1-1), there was 100% agreement among
laboratories for 6 of the 11 materials (55%), 75% agreement for 3 of the 11 materials (27%) and 50%
agreement for 2 of the 11 materials (18%). For a twelfth material only one laboratory determined that it
was compatible with the test system. For four of the materials, the disagreement between laboratories
appeared to be large, e.g. a two category difference (I and III). However, this was due to the fact that
only three EPA hazard categories (I, III and IV) are part of the CM prediction model, so the difference
between a Category I and a Category III could be a very small difference in ET50value.
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For the non-surfactants in the EC/HO study (Table 1-2), the reproducibility analysis was based
only on the materials which two or more laboratories found to be compatible with the test system (23 of
48 total test materials). There was 100% agreement among laboratories for 11 of 23 materials (48%),
75% agreement for 5 of 23 materials (22%), 67% agreement for 1 of 23 test materials (4%), 50%
agreement for 3 of 23 materials (13%), and 0% agreement for 3 of 23 test materials (13%). For twenty-
five materials only one laboratory, or none of the laboratories, determined that it was compatible with
the test system. For some of the materials the disagreement between laboratories appeared to be
large, e.g. a two category difference (I and III). However, this was due to the fact that only three EPA
hazard categories (I, III and IV) are part of the CM prediction model, so the difference between a
Category I and a Category III could be a very small difference in ET50 value.

Table 1-1 modified from BRD Table 7-13 Surfactant materials – Between laboratories reproducibility of CM results
from the EC/HO study. Analysis by EPA hazard categories.

EPA Category

Chemical
Formulation

Type
Conc.
tested

CM
30

CM
31

CM
32

CM
33

Percent
Agreement Concordance

Cetylpyridinium bromide SU 10% I I III I 75% 100% Agreement
Cetylpyridinium bromide SU 6% I I I I 100% for 6 of 11 (55%)
Benzalkonium chloride SU 5% I I I I 100%
Benzalkonium chloride SU 10% I I I I 100% 75% Agreement
Triton X-100 SU 10% I I I III 75% for 3 of 11 (27%)
Sodium lauryl sulfate SU 15% I I I I 100%
Benzalkonium chloride [1]/[2] SU 1% III III III III 100% 50% Agreement
Triton X-100 [1]/[2] SU 5% I III III III 75% for 2 of 11 (18%)
Sodium lauryl sulfate SU 3% III III III III 100%
Tween 20 SU 100% I III III I 50%
Cetylpyridinium bromide SU 0.10% III IV III IV 50%
Polyethylene glycol 400 SU 100% * * * IV *

* Participating laboratory did not test the chemical because it determined that the chemical was not compatible
with the test system.
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Table 1-2 modified from BRD Table 7-14 Non-surfactant materials – Between laboratories reproducibility of CM
results from the EC/HO study. Analysis by EPA hazard categories.

EPA Category

Chemical
Formulation

Type
Conc.
tested

CM
30

CM
31

CM
32

CM
33

Percent
Agreement Concordance

Sodium hydroxide AL 10% III I III III 75% 100% Agreement
Trichloroacetic acid AC 30% I III I III 50% for 11 of 23 (48%)
Captan 90 concentrate 100% * * * * *
Chlorhexidine 100% * * * * * 75% Agreement
Cyclohexanol SO 100% III * I * 0% for 5 of 23 (22%)
Quinacrine 100% * * I * *
Promethazine HCl 100% I I I I 100% 67% Agreement
Parafluoraniline 100% * * III * * for 1 of 23 (4%)
Acetone SO 100% IV IV IV IV 100%
n-Hexanol SO 100% * * * * * 50% Agreement
1-Naphthalene acetic acid 100% III * * * * for 3 of 23 (13%)
Sodium oxalate 100% * * * * *
Isobutanol SO 100% III III III III 100% 0% Agreement
Imidazole SU 100% III III I III 75% for 3 of 23 (13%)
2-Ethyl-1-hexanol SO 100% * * * * *
4-Carboxybenzaldehyde 100% * * * * *
Methyl ethyl ketone SO 100% III III III III 100%
Pyridine 100% I III III III 75%
1-Naphthalene acetic acid 100% * * * * *
2,2-Dimethylbutanoic acid AC 100% * * * * *
Gammabutyrolactone 100% III IV I IV 50%
Thiourea 100% III III * III 100%
n-Octanol SO 100% * * * * *
Methyl acetate SO 100% III IV IV IV 75%
L-Aspartic acid AC 100% I I * * 100%
Benzoyl-L-tartaric acid 100% I * * * *
Potassium cyanate 100% III III III III 100%
Isopropanol SO 100% IV IV IV IV 100%
Sodium perborate, 4H20 100% I * * III 0%
Dibenzyl phosphate AC 100% I * * * *
2,5-Dimethylohexanediol SO 100% III IV III IV 50%
Methyl cyanoacetate 100% III * I * 0%
Sodium hydroxide AL 1% III III III III 100%
Ethanol SO 100% IV IV IV IV 100%
2,6-Dichlorobenzoyl
chloride 100% * * * * *

Ammonium nitrate 100% III IV III * 67%
Ethyl-2-
methylacetoacetate 100% * * I * *

Ethyl acetate SO 100% * III * * *
Maneb 100% * * * * *
Fomesafen 100% * * * * *
Tetraaminopyrimidine
sulfate 100% I * * * *

Toluene 100% * * * * *
n-Butyl acetate 100% * * * * *
Trichloroacetic acid AC 3% III III III III 100%
Methyl isobutyl ketone 100% * * I * *
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Ethyl trimethyl acetate 100% * * * * *
Methylcyclopentane 100% * * * * *
Glycerol AL 100% IV IV III IV 75%

* Participating laboratory did not test the chemical because it determined that the chemical was not compatible
with the test system.

Reproducibility analyses of GHS hazard classifications for the EC/HO study are given in Tables
1-3 and 1-4 for surfactant materials and non-surfactant materials, respectively. Four laboratories
participated in the study, and for the surfactants (Table 1-3), there was 100% agreement among
laboratories for 6 of the 11 materials (55%), 75% agreement for 4 of the 11 materials (36%) and 50%
agreement for 1 of the 11 materials (9%). For a twelfth material only one laboratory determined that it
was compatible with the test system. For four of the materials the disagreement between laboratories
appeared to be large, e.g. a two category difference (1 and 2B). However, this was due to the fact that
only three GHS hazard categories (1, 2B and NI) are part of the CM prediction model, so the difference
between a Category 1 and a Category 2B could be a very small difference in ET50 value.

For the non-surfactants in the EC/HO study (Table 1-4), the reproducibility analysis was based
only on the materials which two or more laboratories found to be compatible with the test system (23 of
48 total test materials). There was 100% agreement among laboratories for 12 of 23 materials (52%),
75% agreement for 7 of 23 materials (30%), 50% agreement for 1 of 23 materials (4%), and 0%
agreement for 3 of 23 test materials (13%). For twenty-five materials only one laboratory, or none of
the laboratories, determined that it was compatible with the test system. For some of the materials the
disagreement between laboratories appeared to be large, e.g. a two category difference (1 and 2B).
However, this was due to the fact that only three GHS hazard categories (1, 2B and NI) are part of the
CM prediction model, so the difference between a Category 1 and a Category 2B could be a very small
difference in ET50 value.

Table 1-3 modified from BRD Table 7-13 Surfactant materials – Between laboratories reproducibility of CM results
from the EC/HO study. Analysis by GHS hazard categories.

GHS Category

Chemical
Formulation

Type
Conc.
tested

CM
30

CM
31

CM
32

CM
33

Percent
Agreement Concordance

Cetylpyridinium bromide SU 10% 1 1 2B 1 75% 100% Agreement
Cetylpyridinium bromide SU 6% 1 1 1 1 100% for 6 of 11 (55%)
Benzalkonium chloride SU 5% 1 1 1 1 100%
Benzalkonium chloride SU 10% 1 1 1 1 100% 75% Agreement
Triton X-100 SU 10% 1 1 1 2B 75% for 4 of 11 (36%)
Sodium lauryl sulfate SU 15% 1 1 1 1 100%
Benzalkonium chloride [1]/[2] SU 1% 2B 2B 2B 2B 100% 50% Agreement
Triton X-100 [1]/[2] SU 5% 1 2B 2B 2B 75% for 1 of 11 (9%)
Sodium lauryl sulfate SU 3% 2B 2B 2B 2B 100%
Tween 20 SU 100% 1 2B 2B 1 50%
Cetylpyridinium bromide SU 0.10% NI NI 2B NI 75%
Polyethylene glycol 400 SU 100% * * * NI *

* Participating laboratory did not test the chemical because it determined that the chemical was not compatible
with the test system.
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Table 1-4 modified from BRD Table 7-14 Non-surfactant materials – Between laboratories reproducibility of CM
results from the EC/HO study. Analysis by GHS hazard categories.

GHS Category

Chemical
Formulation

Type
Conc.
tested

CM
30

CM
31

CM
32

CM
33

Percent
Agreement Concordance

Sodium hydroxide AL 10% 2B 1 2B 2B 75% 100% Agreement
Trichloroacetic acid AC 30% 1 2B 1 2B 50% for 12 of 23 (52%)
Captan 90 concentrate 100% * * * * *
Chlorhexidine 100% * * * * *
Cyclohexanol SO 100% NI * 1 * 0% 75% Agreement
Quinacrine 100% * * 1 * * for 7 of 23 (30%)
Promethazine HCl 100% 1 1 1 1 100%
Parafluoraniline 100% * * 2B * *
Acetone SO 100% NI NI NI NI 100% 50% Agreement
n-Hexanol SO 100% * * * * * for 1 of 23 (4%)
1-Naphthalene acetic acid 100% NI * * * *
Sodium oxalate 100% * * * * *
Isobutanol SO 100% NI NI NI NI 100% 0% Agreement
Imidazole SU 100% NI NI 1 NI 75% for 3 of 23 (13%)
2-Ethyl-1-hexanol SO 100% * * * * *
4-Carboxybenzaldehyde 100% * * * * *
Methyl ethyl ketone SO 100% NI NI NI NI 100%
Pyridine 100% 1 NI NI NI 75%
1-Naphthalene acetic acid 100% * * * * *
2,2-Dimethylbutanoic acid AC 100% * * * * *
Gammabutyrolactone 100% NI NI 1 NI 75%
Thiourea 100% NI NI * NI 100%
n-Octanol SO 100% * * * * *
Methyl acetate SO 100% NI NI NI NI 100%
L-Aspartic acid AC 100% 1 1 * * 100%
Benzoyl-L-tartaric acid 100% 1 * * * *
Potassium cyanate 100% NI NI 2B NI 75%
Isopropanol SO 100% NI NI NI NI 100%
Sodium perborate, 4H20 100% 1 * * 2B 0%
Dibenzyl phosphate AC 100% 1 * * * *
2,5-Dimethylohexanediol SO 100% NI NI 2B NI 75%
Methyl cyanoacetate 100% NI * 1 * 0%
Sodium hydroxide AL 1% NI NI NI NI 100%
Ethanol SO 100% NI NI NI NI 100%
2,6-Dichlorobenzoyl chloride 100% * * * * *
Ammonium nitrate 100% NI NI NI * 100%
Ethyl-2-methylacetoacetate 100% * * 1 * *
Ethyl acetate SO 100% * NI * * *
Maneb 100% * * * * *
Fomesafen 100% * * * * *
Tetraaminopyrimidine sulfate 100% 1 * * * *
Toluene 100% * * * * *
n-Butyl acetate 100% * * * * *
Trichloroacetic acid AC 3% NI NI NI NI 100%
Methyl isobutyl ketone 100% * * 1 * *
Ethyl trimethyl acetate 100% * * * * *
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Methylcyclopentane 100% * * * * *
Glycerol AL 100% NI NI 2B NI 75%

* Participating laboratory did not test the chemical because it determined that the chemical was not compatible
with the test system.

1.2.2 COLIPA Study

Interlaboratory reproducibility for the CM during the COLIPA study as estimated by predicted
EPA hazard categories is given in Tables 1-5 to 1-7 for surfactant materials, surfactant-based
formulations and mixtures, and non-surfactants, ingredients and mixtures, respectively. For surfactant
materials there was 100% agreement between the two participating laboratories for nine of ten
materials (90%). For surfactant-based formulations and mixtures there was100% agreement for seven
of seven materials (100%). For non-surfactants, ingredients and mixtures there was 100% agreement
for seven of nine materials (78%).

Table 1-5 modified from BRD Table 7-16 Surfactant Materials - Between-laboratories reproducibility of Cytosensor
Microphysiometer results from COLIPA study. Analysis by EPA hazard categories.

EPA
Category

Chemical
Formulation

Tested
Conc.
tested MA CT AB

Percent
Agreement Concordance

Triton X-100 1% SU 1% III III 100%
Tween 20 SU 100% III III 100%
SLS 3% SU 3% III III 100%

100% Agreement
for 9 of 10 (90%)

Triton X-100 5% SU 5% III III 100%
Benzalkonium chloride 1% SU 5% III III 100%
SLS 15% SU 1% I I 100%
SLS 30% SU 100% I * *

0% Agreement
for 1 of 10 (10%)

Triton X-100 10% SU 15% III I 0%
Benzalkonium chloride 5% SU 30% I I 100%
Benzalkonium chloride 10% SU 10% I I 100%
Cetylpyridinium bromide 6% SU 100% I * *
Cetylpyridinium bromide 10% SU 100% * * *
Polyethylene glycol 400 SU 100% IV IV 100%

* Participating laboratory did not test the chemical because it determined that the chemical was not compatible
with the test system.

Table 1-6 modified from BRD Table 7-17 Surfactant based formulations and mixtures - Between-laboratories
reproducibility of Cytosensor Microphysiometer results from COLIPA study. Analysis by EPA hazard categories.

EPA
Category

Chemical
Formulation

Tested
Conc.
tested MA CT AB

Percent
Agreement Concordance

Perfumed skin lot ion SU 100% * *
Eye make-up remover SU 100% IV IV 100%
Hair dye base F#1 SU 100% * *

100% Agreement
for 7 of 7 (100%)

Pump Deodorant SU 5% III III 100%
Emulsion antiperspirant SU 100% * *
Gel cleaner SU 100% III III 100%
Sunscreen SPF 15 SU 100% * *
Hydrophilic ointment SU 100% * *
Hair conditioner SU 100% * *
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Moisturiser with sunscreen SU 100% * *
Hair dye base form #3 SU 100% * *
Polishing scrub SU 100% * *
Shampoo #1 normal SU 100% I I 100%
Hand cleaner SU 100% * *
Hand soap SU 100% * *
Shampoo - baby SU 100% III III 100%
Liquid soap #1 SU 100% I I 100%
Shampoo antidandruff SU 100% * *
Shampoo 2-in-1 SU 100% * *
Cleansing foam III SU 100% * *
Shower gel SU 100% * *
Skin cleaner SU 100% I I 100%

* Participating laboratory did not test the chemical because it determined that the chemical was not compatible
with the test system.

Table 1-7 modified from BRD Table 7-18 Non-Surfactants, ingredients, and mixtures – Between-laboratories
reproducibility of Cytosensor Microphysiometer results from COLIPA study. Analysis by EPA hazard categories.

EPA
Category

Chemical
Formulation

Tested
Conc.
tested MA CT AB

Percent
Agreement Concordance

Blush 100% * *
Eye liner 100% * *
n-Butyl acetate 100% * *

100% Agreement
for 7 of 9 (78%)

Imidazole 100% III III 100%
Propylene glycol 100% IV IV 100%
Glycerol SO 100% IV IV 100%
Ethyl acetate 100% * *

0% Agreement
for 2 of 9 (22%)

Sodium hydroxide 1% AL 1% III III 100%
Isopropanol SO 100% III IV 0%
Methyl ethyl ketone 1% III * *
Sunscreen lotion 10% * *
Cologne 100% * *
Eye shadow 100% * *
Mascara 100% * *
Hair styling lotion 100% IV IV 100%
Mouthwash 100% III III 100%
Toothpaste 100% * *
Hair dye base form #2 100% * *
Sodium hydroxide 10% AL 6% III I 0%
Trichloroacetic acid 30% AC 30% I I 100%

* Participating laboratory did not test the chemical because it determined that the chemical was not compatible
with the test system.

Interlaboratory reproducibility for the CM during the COLIPA study as estimated by predicted
GHS hazard categories is given in Tables 1-8 to 1-10 for surfactant materials, surfactant-based
formulations and mixtures, and non-surfactants, ingredients and mixtures, respectively. For surfactant
materials there was 100% agreement between the two participating laboratories for nine of ten
materials (90%). For surfactant-based formulations and mixtures there was 100% agreement for seven
of seven materials (100%). For non-surfactants, ingredients and mixtures there was 100% agreement
for seven of nine materials (78%).

�

C-325

Appendix C – Summary Review Document



Cytosensor Microphysiometer Bioassay Background Review Document

14

Table 1-8 modified from BRD Table 7-16 Surfactant Materials - Between-laboratories reproducibility of Cytosensor
Microphysiometer results from COLIPA study. Analysis by GHS hazard categories.

GHS
Category

Chemical
Formulation

Tested
Conc.
tested MA CT AB

Percent
Agreement Concordance

Triton X-100 1% SU 1% NI NI 100%
Tween 20 SU 100% 2B 2B 100%
SLS 3% SU 3% 2B 2B 100%

100% Agreement
for 9 of 10 (90%)

Triton X-100 5% SU 5% 2B 2B 100%
Benzalkonium chloride 1% SU 5% 2B 2B 100%
SLS 15% SU 1% 1 1 100%
SLS 30% SU 100% 1 *

0% Agreement for
1 of 10 (10%)

Triton X-100 10% SU 15% 2B 1 0%
Benzalkonium chloride 5% SU 30% 1 1 100%
Benzalkonium chloride 10% SU 10% 1 1 100%
Cetylpyridinium bromide 6% SU 100% 1 *
Cetylpyridinium bromide 10% SU 100% * *
Polyethylene glycol 400 SU 100% NI NI 100%

* Participating laboratory did not test the chemical because it determined that the chemical was not compatible
with the test system.

Table 1-9 modified from BRD Table 7-17 Surfactant based formulations and mixtures - Between-laboratories
reproducibility of Cytosensor Microphysiometer results from COLIPA study. Analysis by GHS hazard categories.

GHS
Category

Chemical
Formulation

Tested
Conc.
tested MA CT AB

Percent
Agreement Concordance

Perfumed skin lotion SU 100% * *
Eye make-up remover SU 100% NI NI 100%
Hair dye base F#1 SU 100% * *

100% Agreement
for 7 of 7 (100%)

Pump Deodorant SU 5% NI NI 100%
Emulsion antiperspirant SU 100% * *
Gel cleaner SU 100% 2B 2B 100%
Sunscreen SPF 15 SU 100% * *
Hydrophilic ointment SU 100% * *
Hair conditioner SU 100% * *
Moisturiser with sunscreen SU 100% * *
Hair dye base form #3 SU 100% * *
Polishing scrub SU 100% * *
Shampoo #1 normal SU 100% 1 1 100%
Hand cleaner SU 100% * *
Hand soap SU 100% * *
Shampoo - baby SU 100% 2B 2B 100%
Liquid soap #1 SU 100% 1 1 100%
Shampoo antidandruff SU 100% * *
Shampoo 2-in-1 SU 100% * *
Cleansing foam III SU 100% * *
Shower gel SU 100% * *
Skin cleaner SU 100% 1 1 100%

* Participating laboratory did not test the chemical because it determined that the chemical was not compatible
with the test system.
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Table 1-10 modified from BRD Table 7-18 Non-Surfactants, ingredients, and mixtures – Between-laboratories
reproducibility of Cytosensor Microphysiometer results from COLIPA study. Analysis by GHS hazard categories.

GHS
Category

Chemical
Formulation

Tested
Conc.
tested MA CT AB

Percent
Agreement Concordance

Blush 100% * *
Eye liner 100% * *
n-Butyl acetate 100% * *

100% Agreement
for 7 of 9 (78%)

Imidazole 100% NI NI 100%
Propylene glycol 100% NI NI 100%
Glycerol SO 100% NI NI 100%
Ethyl acetate 100% * *

0% Agreement
for 2 of 9 (22%)

Sodium hydroxide 1% AL 1% 2B NI 0%
Isopropanol SO 100% NI NI 100%
Methyl ethyl ketone 1% NI * *
Sunscreen lotion 10% * *
Cologne 100% * *
Eye shadow 100% * *
Mascara 100% * *
Hair styling lotion 100% NI NI 100%
Mouthwash 100% NI NI 100%
Toothpaste 100% * *
Hair dye base form #2 100% * *
Sodium hydroxide 10% AL 6% 2B 1 0%
Trichloroacetic acid 30% AC 30% 1 1 100%

* Participating laboratory did not test the chemical because it determined that the chemical was not compatible
with the test system.
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2.0 EpiOcular Reliability

Reliability (relative to EPA and GHS hazard categories) of the EO assay was determined using
the prediction model discussed in Chapter 6 – Test Method Predictive Capacity, of the Background
Review Document of an In Vitro Approach for EPA Toxicity Labeling of Anti-Microbial Cleaning
Products. That prediction model is:

1) If the anti-microbial cleaning product has an ET50 score of <4 minutes, it is classified
as EPA Category I or GHS Category 1.

2) If the anti-microbial cleaning product has an ET50 score of �4 minutes, but <70
minutes, it is classified as EPA Category III or GHS Category 2B.

3) If the anti-microbial cleaning product has an ET50 score of �70 minutes, it is classified
as EPA Category IV or GHS Category NI.

2.1 EpiOcular Intralaboratory repeatability for antimicrobial cleaning products

Between experiments reproducibility for a single laboratory can be estimated for several of the
anti-microbial cleaning products that were tested more than once by IIVS. Table 2-1 shows the EPA
hazard category predictions for the only three materials which were tested more than once. Results
from multiple runs showed 100% agreement for all three materials.

Table 2-1 modified from BRD Table 7-20 EpiOcular intralaboratory repeatability both within run and between
experiments. Analysis only of between experiments by EPA categories.

Code Class
Assay
Date

EPA
Cat.

GHS
Cat. Conc.

ET50
(min)

Predicted
EPA

Category

Percent
Agreement

Concordance
12/7/2005 II 2A Neat 9.4 III
4/5/2006 II 2A Neat 9.8 IIIH AL
4/5/2006 II 2A Neat 9.1 III

100%

12/7/2005 IV NI Neat 125.8 IVP AL
4/5/2006 IV NI Neat 74 IV

100%

12/7/2005 IV NI Neat 39.6 IIIW SU 4/5/2006 IV NI Neat 43.3 III 100%

100% Agreement
for 3 of 3

Table 2-2 shows the GHS hazard category predictions for the only three materials which were
tested more than once. Results from multiple runs showed 100% agreement for all three materials.
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Table 2-2 modified from BRD Table 7-20 EpiOcular intralaboratory repeatability both within run and between
experiments. Analysis only of between experiments by GHS categories.

Code Class
Assay
Date

EPA
Cat.

GHS
Cat. Conc.

ET50
(min)

Predicted
GHS

Category

Percent
Agreement

Concordance
12/7/2005 II 2A Neat 9.4 2B
4/5/2006 II 2A Neat 9.8 2BH AL
4/5/2006 II 2A Neat 9.1 2B

100%

12/7/2005 IV NI Neat 125.8 2BP AL
4/5/2006 IV NI Neat 74 2B 100%

12/7/2005 IV NI Neat 39.6 NIW SU 4/25/2006 IV NI Neat 43.3 NI 100%

100% Agreement
for 3 of 3

2.2 EpiOcular Interlaboratory reproducibility

Between laboratories reproducibility in predicted hazard categories cannot be estimated for any
of the anti-microbial cleaning products tested for this BRD because only one laboratory conducted this
testing. However, the EO model has been used by many laboratories worldwide, and it is possible to
estimate the interlaboratory reproducibility from the results of two phases of a validation study
sponsored by Colgate-Palmolive for surfactants and surfactant-containing products. Although the
protocol used in these studies differed slightly from those in this BRD (e.g. in the validation study
surfactants were diluted to 20% before testing), the vast majority of the manipulations were identical.
Table 2-3 and 2-4 show the results for Phase II of the validation study. For EPA hazard categories,
there was 100% agreement for 14 of 19 of the materials (74%), 75% agreement for 2 of 19 materials
(11%), and 50% agreement for 3 of 19 materials (16%). For GHS hazard categories the results were
identical.
Table 2-3 modified from BRD Table 7-24 Interlaboratory reproducibility of four laboratories in the Colgate-
Palmolive Phase II validation study. Analysis of experiments by EPA hazard categories.

EPA Category

Test Material
Formulation

Type
Lab

1
Lab

2
Lab

3
Lab

4
Percent

Agreement Concordance
Shampoo #1 (2 in 1) SU III III III III 100%
Shampoo #2 (Regular) SU III III III III 100%
Shampoo #3 (Regular) SU III III III III 100%

100% Agreement
for 14 of 19 (74%)

Dishwashing Liquid SU IV III III IV 50%
All purpose cleaner SU III III III III 100%
Disinfectant cleaner SU III III III III 100%

75% Agreement
for 2 of 19 (11%)

Sodium linear alkylbenzene sulfonate SU III III III III 100%
30% Dimethyltetradecylamine oxide SU III IV IV III 50%
1.5% branched alkyldimethylamine SU III III III III 100%
PPG-5 Ceteth-20 SU I I III I 75%

50% Agreement
for 3 of 19 (16%)

C9-11 Alcohol ethoxylate EO6:1 SU III III III III 100%
C12-14 Alcohol ethoxylate 2EO SU III III III III 100%
C12-16 Alcohol ethoxylate 3EO SU III III III III 100%
2.46% Lauryl hydroxysultaine SU III III III III 100%
10% Polyoxyethylene (10) oleyl ether SU I I I III 75%
3.2% Benzalkonium chloride SU IV III IV III 50%
36% Sodium methyl 2-sulfonate &
disodium 2-sulfolaurate SU III III III III 100%

2.4% Imidazolium compound SU I I I I 100%
C12-15 Alcohol ethoxylate EO7:1 SU III III III III 100%
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Table 2-4 modified from BRD Table 7-24 Interlaboratory reproducibility of four laboratories in the Colgate-
Palmolive Phase II validation study. Analysis of experiments by GHS hazard categories

GHS Category

Test Material

Formulation
Type Lab

1
Lab

2
Lab

3
Lab

4

Percent
Agreement Concordance

Shampoo #1 (2 in 1) SU 2B 2B 2B 2B 100%
Shampoo #2 (Regular) SU 2B 2B 2B 2B 100%
Shampoo #3 (Regular) SU 2B 2B 2B 2B 100%
Dishwashing Liquid SU NL 2B 2B NL 50%

100% Agreement
for 14 of 19

(74%)

All purpose cleaner SU 2B 2B 2B 2B 100%
Disinfectant cleaner SU 2B 2B 2B 2B 100%
Sodium linear alkylbenzene sulfonate SU 2B 2B 2B 2B 100%
30% Dimethyltetradecylamine oxide SU 2B NL NL 2B 50%

75% Agreement
for 2 of 19 (11%)

1.5% branched alkyldimethylamine SU 2B 2B 2B 2B 100%
PPG-5 Ceteth-20 SU 1 1 2B 1 75%
C9-11 Alcohol ethoxylate EO6:1 SU 2B 2B 2B 2B 100%
C12-14 Alcohol ethoxylate 2EO SU 2B 2B 2B 2B 100%

50% Agreement
for 3 of 19 (16%)

C12-16 Alcohol ethoxylate 3EO SU 2B 2B 2B 2B 100%
2.46% Lauryl hydroxysultaine SU 2B 2B 2B 2B 100%
10% Polyoxyethylene (10) oleyl ether SU 1 1 1 2B 75%
3.2% Benzalkonium chloride SU NL 2B NL 2B 50%
36% Sodium methyl 2-sulfonate &
disodium 2-sulfolaurate SU 2B 2B 2B 2B 100%

2.4% Imidazolium compound SU 1 1 1 1 100%
C12-15 Alcohol ethoxylate EO7:1 SU 2B 2B 2B 2B 100%

Table 2-5 and 2-6 show the results for Phase III of the validation study. For both the EPA
(Table 2-5) and GHS (Table 2-6) hazard categories, there was 100% agreement for 51 of 54 of the
materials (94%) and 0% agreement for 3 of 54 materials (6%).

Table 2-5 modified from BRD Table 7-25 Interlaboratory reproducibility of two laboratories in the Colgate-Palmolive
Phase III validation study. Analysis of experiments by EPA hazard categories.

EPA
Category
Raw data

Test Material
Formulation

Type
Concentration

Tested
Lab

1
Lab

2

Percent
Agreement Concordance

1-decanaminium, N-decyl-N,N-dimethyl, Cl- SU 50% I I 100%
20% Myristalkonium chloride/ 20%

Quaternium-14 SU 100% I I 100%

100%
Agreement for
51 of 54 (94%)

Alkyldimethyl benzyl ammonium Cl- SU 5% I I 100%
Ammonium lauryl sulfate SU 12% III III 100%
Ammonium lauryl sulfate SU 28% III III 100%

0% Agreement
for 3 of 54 (6%)

Ammonium nonoxyl-4 sulfate SU 10% III III 100%
Behentrimonium methosulfate & cetearyl
alcohol SU 100% IV IV 100%

Benzalkonium chloride SU 0.10% IV IV 100%
Benzalkonium chloride SU 0.50% III III 100%
Benzalkonium chloride SU 1% III III 100%
Benzalkonium chloride SU 2.50% I I 100%
Benzalkonium chloride SU 5% I I 100%
Benzalkonium chloride SU 10% I 1 100%
Benzethonium chloride SU 3.20% III 1 0%
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Benzethonium chloride SU 1.00% III III 100%
Branched alkyldimethylamine SU 1.50% III III 100%
Branched alkyldimethylamine SU 30% I I 100%
C10-12 Alcohol ethoxylate (PO) SU 100% I I 100%
Ceteareth-12 SU 100% IV IV 100%
Cetrimonium chloride SU 2.50% III III 100%
Cetyl alcohol SU 100% IV IV 100%
Cetylpyridinium bromide SU 10% III III 100%
Cetylpyridinium bromide SU 0.10% IV IV 100%
Cetylpyridinium bromide SU 1% III III 100%
Cocamidopropyl betaine SU 10% III III 100%
Cocamidopropyl betaine SU 30% III III 100%
Decyl glucoside SU 10% III I 0%
Didecyldimethyl ammonium chloride
(DDAC) SU 1% III III 100%

Didecyldimethyl ammonium chloride
(DDAC) SU 3.20% I I 100%
Didecyldimethyl ammonium chloride
(DDAC) SU 5% III III 100%

Lauryl glucoside SU 12% IV IV 100%
Myristalkonium chloride/Quaternium-
14/Ethanol SU 3% III I 0%

Myristalkonium chloride/Quaternium-
14/Ethanol SU 20% I I 100%

PPG-5-Ceteth 20 SU 100% IV IV 100%
Quaternium-18 SU 100% IV IV 100%
Shampoo #4 SU 10% III III 100%
Sodium C14-16 olefin sulfonate SU 10% III III 100%
Sodium ether sulfate 3EO SU 30% III III 100%
Sodium laureth sulfate SU 12% III III 100%
Sodium laureth sulfate SU 25% III III 100%
Sodium lauroyl sarcosinate SU 10% III III 100%
Sodium lauroyl sarcosinate SU 30% III III 100%
Sodium lauryl sulfate SU 3% III III 100%
Sodium lauryl sulfate SU 10% III III 100%
Sodium lauryl sulfate SU 15% III III 100%
Sodium lauryl sulfate SU 20% III III 100%
Sodium lauryl sulfate SU 30% III III 100%
Sodium methyl 2-sulfonate & disodium 2-
sulfolaurate SU 39% III III 100%

TEA-lauryl sulfate SU 20% III III 100%
Triton X-100 SU 1% III III 100%
Triton X-100 SU 2.50% III III 100%
Triton X-100 SU 5% III III 100%
Triton X-100 SU 10% I I 100%
Triton X-100 SU 20% I I 100%
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Table 2-6 modified from BRD Table 7-25 Interlaboratory reproducibility of two laboratories in the Colgate-Palmolive
Phase III validation study. Analysis of experiments by GHS hazard categories.

GHS
Category
Raw Data

Test Material
Formulation

Type
Concentration

Tested
Lab

1
Lab

2

Percent
Agreement Concordance

1-decanaminium, N-decyl-N,N-dimethyl, Cl- SU 50% 1 1 100%
20% Myristalkonium chloride/ 20%

Quaternium-14 SU 100% 1 1 100%

100% Agreement
for 51 of 54

(94%)
Alkyldimethyl benzyl ammonium Cl- SU 5% 1 1 100%
Ammonium lauryl sulfate SU 12% 2B 2B 100%
Ammonium lauryl sulfate SU 28% 2B 2B 100%

0% Agreement
for 3 of 54 (6%)

Ammonium nonoxyl-4 sulfate SU 10% 2B 2B 100%
Behentrimonium methosulfate & cetearyl
alcohol SU 100% NI NI 100%

Benzalkonium chloride SU 0.10% NI NI 100%
Benzalkonium chloride SU 0.50% 2B 2B 100%
Benzalkonium chloride SU 1% 2B 2B 100%
Benzalkonium chloride SU 2.50% 1 1 100%
Benzalkonium chloride SU 5% 1 1 100%
Benzalkonium chloride SU 10% 1 1 100%
Benzethonium chloride SU 3.20% 2B 1 0%
Benzethonium chloride SU 1.00% 2B 2B 100%
Branched alkyldimethylamine SU 1.50% 2B 2B 100%
Branched alkyldimethylamine SU 30% 1 1 100%
C10-12 Alcohol ethoxylate (PO) SU 100% 1 1 100%
Ceteareth-12 SU 100% NI NI 100%
Cetrimonium chloride SU 2.50% 2B 2B 100%
Cetyl alcohol SU 100% NI NI 100%
Cetylpyridinium bromide SU 10% 2B 2B 100%
Cetylpyridinium bromide SU 0.10% NI NI 100%
Cetylpyridinium bromide SU 1% 2B 2B 100%
Cocamidopropyl betaine SU 10% 2B 2B 100%
Cocamidopropyl betaine SU 30% 2B 2B 100%
Decyl glucoside SU 10% 2B 1 0%
Didecyldimethyl ammonium chloride
(DDAC) SU 1% 2B 2B 100%

Didecyldimethyl ammonium chloride
(DDAC) SU 3.20% 1 1 100%

Didecyldimethyl ammonium chloride
(DDAC) SU 5% 2B 2B 100%

Lauryl glucoside SU 12% NI NI 100%
Myristalkonium chloride/Quaternium-
14/Ethanol SU 3% 2B 1 0%

Myristalkonium chloride/Quaternium-
14/Ethanol SU 20% 1 1 100%

PPG-5-Ceteth 20 SU 100% NI NI 100%
Quaternium-18 SU 100% NI NI 100%
Shampoo #4 SU 10% 2B 2B 100%
Sodium C14-16 olefin sulfonate SU 10% 2B 2B 100%
Sodium ether sulfate 3EO SU 30% 2B 2B 100%
Sodium laureth sulfate SU 12% 2B 2B 100%
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Sodium laureth sulfate SU 25% 2B 2B 100%
Sodium lauroyl sarcosinate SU 10% 2B 2B 100%
Sodium lauroyl sarcosinate SU 30% 2B 2B 100%
Sodium lauryl sulfate SU 3% 2B 2B 100%
Sodium lauryl sulfate SU 10% 2B 2B 100%
Sodium lauryl sulfate SU 15% 2B 2B 100%
Sodium lauryl sulfate SU 20% 2B 2B 100%
Sodium lauryl sulfate SU 30% 2B 2B 100%
Sodium methyl 2-sulfonate & disodium 2-
sulfolaurate SU 39% 2B 2B 100%

TEA-lauryl sulfate SU 20% 2B 2B 100%
Triton X-100 SU 1% 2B 2B 100%
Triton X-100 SU 2.50% 2B 2B 100%
Triton X-100 SU 5% 2B 2B 100%
Triton X-100 SU 10% 1 1 100%
Triton X-100 SU 20% 1 1 100%
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3.0 BCOP Reliability

Reliability (relative to EPA and GHS hazard categories) of the BCOP was determined using the
prediction model discussed in Chapter 6 – Test Method Predictive Capacity, of the Background Review
Document of an In Vitro Approach for EPA Toxicity Labeling of Anti-Microbial Cleaning Products. That
prediction model is:

1) All anti-microbial cleaning products having an In Vitro Score �75 should be
classified as an EPA Category I or a GHS Category 1. No histopathology needs to be
conducted.

2) Anti-microbial cleaning products having an In Vitro Score <75 and � 25 are given a
preliminary classification of EPA Category II or GHS Category 2A. They should be
further assessed with a histopathological evaluation and given the final
categorization of whichever determination (in vitro score or histological evaluation)
is more severe.

3) Anti-microbial cleaning products having an In Vitro Score <25 are given a
preliminary classification of EPA Category III or GHS Category 2B. They should be
further assessed with a histopathological evaluation and given the final
categorization of whichever determination (in vitro score or histological evaluation)
is more severe.

However, since the vast majority of the test materials considered in the following sections (3.1 –
3.3), did not have histopathology conducted on the corneas, that part of the prediction model is not
being considered. Only the hazard categories as determined by the above mentioned cut-off values will
be used to evaluated reproducibility of the EPA or GHS hazard categories.

3.1 BCOP within-run reproducibility

Sufficient data are available from the testing of anti-microbial cleaning products during this
current program that it is possible to estimate the within-run reproducibility of the BCOP assay. Since
the final BCOP In Vitro Score is generally determined by the average of 3 to 5 replicate corneas, the
predicted EPA or GHS hazard category can be estimated for each cornea.

An analysis of the within-run reproducibility by EPA hazard categories is given in Table 3-1. It
can be seen that there was 100% agreement between the 3-5 corneas for 63 of the75 test materials
(84%), 67% agreement for 11 of 75 test materials (15%), and 60% agreement for 1 of 75 test materials
(1.3%). In none of the 12 cases where there was less than full agreement, did the hazard
classifications differ by more than a single class.

Of the 12 divergent cases, seven had reactive chemistry. Of the others, two were alkaline, two
were surfactants and one was acidic. For the non-reactive chemistry materials, the numerical
differences in In Vitro Score among the replicate corneas were generally small, e.g. 69.5, 75.2 and
70.8 (material EG) where the cut-off was 75; or 27.8, 26.7 and 15.0 (material BR) where the cut-off
was 25. However, for the reactive materials the numerical differences were sometimes very large, e.g.
413.0, 53.4 and 56.8 (material F). This was generally due to increases in corneal opacity which
correlated with the presence of numerous stromal vacuoles that were easily observed
histopathologically.
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Table 3-1 modified from BRD Table 7-27 BCOP within run reproducibility for anti-microbial cleaning products.
Analysis by EPA hazard categories.

Test
Material

Code
Formulation

Type Cornea Number
EPA

Category Concordance
43 III
44 III

H AL 45 III
avg III

100% Agreement
for 63 of 75 (84%)

Percent Agreement 100%
34 III
35 III

I SU 36 III
67% Agreement

for 11 of 75 (15%)
avg III

Percent Agreement 100%
23 III
24 III

60% Agreement
for 1 of 75 (1.3%)

J SU 25 III
avg III

Percent Agreement 100%
21 III
22 III

K RC 24 III
avg III

Percent Agreement 100%
17 III
18 III

L SU 19 III
avg III

Percent Agreement 100%
14 III
15 III

O SU 16 III
avg III

Percent Agreement 100%
29 III
30 III

P AL 31 III
avg III

Percent Agreement 100%
35 III
36 III

R SU 46 III
avg III

Percent Agreement 100%
27 III
28 III

T AC 29 III
avg III

Percent Agreement 100%
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26 III
27 III

U SU 28 III
avg III

Percent Agreement 100%
45 III
47 III

W SU 48 III
avg III

Percent Agreement 100%
34 III
37 III

AF AC 38 III
avg III

Percent Agreement 100%
25 III
26 III

BB SO 28 III
avg III

Percent Agreement 100%
29 III
30 III

BK SO 31 III
avg III

Percent Agreement 100%
14 III
16 III

BL SO 17 III
avg III

Percent Agreement 100%
12 III
13 III

CG AL 14 III
avg III

Percent Agreement 100%
15 III
17 III

H AL 18 III
avg III

Percent Agreement 100%
48 III
49 III

H AL 50 III
avg III

Percent Agreement 100%
37 III
38 III

H AL 40 III
avg III

Percent Agreement 100%
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50 III
51 III

H AL 52 III
avg III

Percent Agreement 100%
29 III
32 III

H AL 33 II
avg III

Percent Agreement 67%
42 III
43 III

Q SU 44 III
avg III

Percent Agreement 100%
19 III
20 III

V SU 21 III
avg III

Percent Agreement 100%
19 I
21 I

X RC 22 I
avg I

Percent Agreement 100%
39 II
41 II

Z SO 43 II
avg II

Percent Agreement 100%
11 I
12 I

AQ RC 13 I
avg I

Percent Agreement 100%
27 I
28 I

AS RC 29 II
avg I

Percent Agreement 67%
34 I
35 I

AT RC 36 I
avg I

Percent Agreement 100%
29 II
30 II

AW RC 34 I
avg II

Percent Agreement 67%
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16 III
17 III

BD SO 18 III
avg III

Percent Agreement 100%
11 III
12 III

BP SO 13 III
avg III

Percent Agreement 100%
25 I
26 I

A SU 28 I
avg I

Percent Agreement 100%
11 I
12 I

B SU 13 I
avg I

Percent Agreement 100%
47 III
48 II

C RC 49 II
avg II

Percent Agreement 67%
15 I
16 I

D AC 18 I
avg I

Percent Agreement 100%
15 I
16 I

E SU 19 I
avg I

Percent Agreement 100%
32^ II
35 I

F RC 37 I
avg I

Percent Agreement 67%
22 I
24 II

F RC 26 II
avg I

Percent Agreement 67%
12 I
13 I

G SU 14 I
avg I

Percent Agreement 100%
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32 II
35 II

M SU 37 II
avg II

Percent Agreement 100%
15 III
16 III

N RC 17 I
avg I

Percent Agreement 67%
22 III
23 III

S AC 24 III
avg III

Percent Agreement 100%
28 II
29 I

Y RC 33 II
avg II

Percent Agreement 67%
27 I
28 I

AB SU 29 I
avg I

Percent Agreement 100%
25 I
26 I

AC AC 27 I
avg I

Percent Agreement 100%
18 I
19 I

AD SU 20 I
avg I

Percent Agreement 100%
17 II
18 II

AE AL 20 II
avg II

Percent Agreement 100%
6 I
7 I
8 I

AG AL 9 I
10 I

avg I
Percent Agreement 100%
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6 I
7 I
8 I

AH AL 9 I
10 I

avg I
Percent Agreement 100%

6 I
7 I
8 I

AI AL 9 I
10 I

avg I
Percent Agreement 100%

1 I
2 I
3 I

AJ AL 4 I
5 I

avg I
Percent Agreement 100%

16 I
17 I
18 I

AK AL 19 I
20 I

avg I
Percent Agreement 100%

6 I
7 I
8 I

AL AL 9 I
21 I

avg I
Percent Agreement 100%

1 I
2 I
3 I

AM SO 4 I
5 I

avg I
Percent Agreement 100%

1 I
2 I
3 I

AN AL 4 I
5 I

avg I
Percent Agreement 100%
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11 I
12 I
13 I

AO AL 14 I
15 I

avg I
Percent Agreement 100%

16 I
17 I

AP AL 18 I
19 I
20 I

avg I
Percent Agreement 100%

18 I
19 I

AR RC 20 I
avg I

Percent Agreement 100%
40 I
42 I

AU RC 44 I
avg I

Percent Agreement 100%
48 I
49 I

AV RC 51 I
avg I

Percent Agreement 100%
19 I
20 I

AV RC 22 I
avg I

Percent Agreement 100%
11 I
12 I
13 I

AX SO 14 I
15 I

avg I
Percent Agreement 100%

1 I
2 I
3 I

AX SO 4 I
5 I

avg I
Percent Agreement 100%
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41 I
42 I

AY RC 43 I
avg I

Percent Agreement 100%
1 III
2 III
3 III

BE AC 4 III
5 III

avg III
Percent Agreement 100%

35 II
36 II

BF SO 37 II
avg II

Percent Agreement 100%
11 I
12 I
13 II

BJ AL 14 II
15 I

avg I
Percent Agreement 60%

7 I
8 I

BJ AL 9 I
avg I

Percent Agreement 100%
32 III
36 III

BM SO 37 II
avg II

Percent Agreement 67%
1 III
2 III
3 III

BN SU 4 III
5 III

avg III
Percent Agreement 100%

20 II
22 II

BQ SO 23 II
avg II

Percent Agreement 100%
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43 II
46 II

BR SU 47 III
avg III

Percent Agreement 67%
10 I
11 I

BS RC 12 I
avg I

Percent Agreement 100%
40 I
41 I

EF RC 42 I
avg I

Percent Agreement 100%
26 II
27 I

EG AC 32 II
avg II

Percent Agreement 67%

An analysis of the within-run reproducibility by GHS hazard categories is given in Table 3-2. As
with the EPA analysis, there was 100% agreement between the 3-5 corneas for 63 of the 75 test
materials (84%), 67% agreement for 11 of 75 test materials (15%), and 60% agreement for 1 of 75 test
materials (1.3%). In none of the 12 cases where there was less than full agreement, did the hazard
classifications differ by more than a single class.

The observations concerning the reactive chemistry materials were the same as for the EPA
hazard category analysis.

Table 3-2 modified from BRD Table 7-27 BCOP within run reproducibility for anti-microbial cleaning porducts.
Analysis by GHS hazard categories.

Test
Material

Code
Formulation

Type Cornea Number
GHS

Category Concordance
43 2B
44 2B

H AL 45 2B
avg 2B

100% Agreement
for 63 of 75 (84%)

Percent Agreement 100%
34 2B
35 2B

I SU 36 2B
67% Agreement

for 11 of 75 (15%)
avg 2B

Percent Agreement 100%
23 2B
24 2B

60% Agreement
for 1 of 75 (1.3%)

J SU 25 2B
avg 2B

Percent Agreement 100%
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21 2B
22 2B

K RC 24 2B
avg 2B

Percent Agreement 100%
17 2B
18 2B

L SU 19 2B
avg 2B

Percent Agreement 100%
14 2B
15 2B

O SU 16 2B
avg 2B

Percent Agreement 100%
29 2B
30 2B

P AL 31 2B
avg 2B

Percent Agreement 100%
35 2B
36 2B

R SU 46 2B
avg 2B

Percent Agreement 100%
27 2B
28 2B

T AC 29 2B
avg 2B

Percent Agreement 100%
26 2B
27 2B

U SU 28 2B
avg 2B

Percent Agreement 100%
45 2B
47 2B

W SU 48 2B
avg 2B

Percent Agreement 100%
34 2B
37 2B

AF AC 38 2B
avg 2B

Percent Agreement 100%
25 2B
26 2B

BB SO 28 2B
avg 2B

Percent Agreement 100%
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29 2B
30 2B

BK SO 31 2B
avg 2B

Percent Agreement 100%
14 2B
16 2B

BL SO 17 2B
avg 2B

Percent Agreement 100%
12 2B
13 2B

CG AL 14 2B
avg 2B

Percent Agreement 100%
15 2B
17 2B

H AL 18 2B
avg 2B

Percent Agreement 100%
48 2B
49 2B

H AL 50 2B
avg 2B

Percent Agreement 100%
37 2B
38 2B

H AL 40 2B
avg 2B

Percent Agreement 100%
50 2B
51 2B

H AL 52 2B
avg 2B

Percent Agreement 100%
29 2B
32 2B

H AL 33 2A
avg 2B

Percent Agreement 67%
42 2B
43 2B

Q SU 44 2B
avg 2B

Percent Agreement 100%
19 2B
20 2B

V SU 21 2B
avg 2B

Percent Agreement 100%
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19 1
21 1

X RC 22 1
avg 1

Percent Agreement 100%
39 2A
41 2A

Z SO 43 2A
avg 2A

Percent Agreement 100%
11 1
12 1

AQ RC 13 1
avg 1

Percent Agreement 100%
27 1
28 1

AS RC 29 2A
avg 1

Percent Agreement 67%
34 1
35 1

AT RC 36 1
avg 1

Percent Agreement 100%
29 2A
30 2A

AW RC 34 1
avg 2A

Percent Agreement 67%
16 2B
17 2B

BD SO 18 2B
avg 2B

Percent Agreement 100%
11 2B
12 2B

BP SO 13 2B
avg 2B

Percent Agreement 100%
25 1
26 1

A SU 28 1
avg 1

Percent Agreement 100%
11 1
12 1

B SU 13 1
avg 1

Percent Agreement 100%
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47 2B
48 2A

C RC 49 2A
avg 2A

Percent Agreement 67%
15 1
16 1

D AC 18 1
avg 1

Percent Agreement 100%
15 1
16 1

E SU 19 1
avg 1

Percent Agreement 100%
32^ 2A
35 1

F RC 37 1
avg 1

Percent Agreement 67%
22 1
24 2A

F RC 26 2A
avg 1

Percent Agreement 67%
12 1
13 1

G SU 14 1
avg 1

Percent Agreement 100%
32 2A
35 2A

M SU 37 2A
avg 2A

Percent Agreement 100%
15 2B
16 2B

N RC 17 1
avg 1

Percent Agreement 67%
22 2B
23 2B

S AC 24 2B
avg 2B

Percent Agreement 100%
28 2A
29 1

Y RC 33 2A
avg 2A

Percent Agreement 67%
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27 1
28 1

AB SU 29 1
avg 1

Percent Agreement 100%
25 1
26 1

AC AC 27 1
avg 1

Percent Agreement 100%
18 1
19 1

AD SU 20 1
avg 1

Percent Agreement 100%
17 2A
18 2A

AE AL 20 2A
avg 2A

Percent Agreement 100%
6 1
7 1
8 1

AG AL 9 1
10 1

avg 1
Percent Agreement 100%

6 1
7 1
8 1

AH AL 9 1
10 1

avg 1
Percent Agreement 100%

6 1
7 1
8 1

AI AL 9 1
10 1

avg 1
Percent Agreement 100%

1 1
2 1
3 1

AJ AL 4 1
5 1

avg 1
Percent Agreement 100%
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16 1
17 1
18 1

AK AL 19 1
20 1

avg 1
Percent Agreement 100%

6 1
7 1
8 1

AL AL 9 1
21 1

avg 1
Percent Agreement 100%

1 1
2 1
3 1

AM SO 4 1
5 1

avg 1
Percent Agreement 100%

1 1
2 1
3 1

AN AL 4 1
5 1

avg 1
Percent Agreement 100%

11 1
12 1
13 1

AO AL 14 1
15 1

avg 1
Percent Agreement 100%

16 1
17 1

AP AL 18 1
19 1
20 1

avg 1
Percent Agreement 100%

18 1
19 1

AR RC 20 1
avg 1

Percent Agreement 100%
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40 1
42 1

AU RC 44 1
avg 1

Percent Agreement 100%
48 1
49 1

AV RC 51 1
avg 1

Percent Agreement 100%
19 1
20 1

AV RC 22 1
avg 1

Percent Agreement 100%
11 1
12 1
13 1

AX SO 14 1
15 1

avg 1
Percent Agreement 100%

1 1
2 1
3 1

AX SO 4 1
5 1

avg 1
Percent Agreement 100%

41 1
42 1

AY RC 43 1
avg 1

Percent Agreement 100%
1 2B
2 2B
3 2B

BE AC 4 2B
5 2B

avg 2B
Percent Agreement 100%

35 2A
36 2A

BF SO 37 2A
avg 2A

Percent Agreement 100%
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11 1
12 1
13 2A

BJ AL 14 2A
15 1

avg 1
Percent Agreement 60%

7 1
8 1

BJ AL 9 1
avg 1

Percent Agreement 100%
32 2B
36 2B

BM SO 37 2A
avg 2A

Percent Agreement 67%
1 2B
2 2B
3 2B

BN SU 4 2B
5 2B

avg 2B
Percent Agreement 100%

20 2A
22 2A

BQ SO 23 2A
avg 2A

Percent Agreement 100%
43 2A
46 2A

BR SU 47 2B
avg 2B

Percent Agreement 67%
10 1
11 1

BS RC 12 1
avg 1

Percent Agreement 100%
40 1
41 1

EF RC 42 1
avg 1

Percent Agreement 100%
26 2A
27 1

EG AC 32 2A
avg 2A

Percent Agreement 67%

�

C-351

Appendix C – Summary Review Document



Cytosensor Microphysiometer Bioassay Background Review Document

40

3.2 BCOP Intralaboratory Reproducibility

There were five anti-microbial cleaning products tested more than once in the BCOP assay.
Table 3-3 shows the EPA and GHS hazard categories assigned during each of the runs. There was
100% agreement among repeat runs for all 5 of the materials.

Table 1-19 modified from BRD Table 7-29 Intralaboratory reproducibility for 5 antimicrobial cleaning products.
Analysis by EPA and GHS hazard categories.

Substance Formulation
Type

EPA Hazard
Category

GHS
Hazard

Category

I 1F RC
I 1

IV 2B
IV 2B
IV 2B
IV 2B
IV 2B

H AL

IV 2B
I 1AV RC I 1
I 1AX SO
I 1
I 1BJ AL
I 1

3.3 BCOP Interlaboratory Reproducibility

Interlaboratory reproducibility for the anti-microbial cleaning products cannot be directly
assessed because only one laboratory conducted the BCOP studies for these materials. However, the
BCOP assay is commonly used by many laboratories internationally, and it’s between laboratory
reproducibility was evaluated by NICEATM during their preparation of a BRD for in vitro test methods
for corrosive or severe eye irritants. Their review of reproducibility for hazard categories was based on
a cut-off value of 55.1 for severe or corrosive materials. The cut-off proposed in this BRD is similar, but
is slightly higher at 75 for defining an EPA Category I or GHS Category 1 material. Thus the data from
three of the international studies evaluated by NICEATM are reanalyzed here based on the new cut-off
value.

Tables 3-4 and 3-5 present the reproducibility among the 12 laboratories in the Gautheron et al.
(1994) validation study for EPA and GHS hazard categories, respectively. For both analyses there was
�90% agreement for 37 of 51 test materials (72.5%), and there was �75% agreement for 42 of 51 test
materials (82.4%).
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Table 3-4 modified from BRD Table 7-31 Coefficient of Variation Analysis of the Interlaboratory Variability of the
BCOP Test Method for Gautheron et al. (1994). Analysis by EPA hazard categories.

Lab Number
Substance

Formulation
Type 1 2 3 4 5 6 7 8 9 10 11 12

Percent
Agreement Concordance

2-Ethoxyethanol SO I I I I I I I I I I I I 100%
2,4-Pentanedione SO II I I II II II II II II II II I 75%
Allyl alcohol SO I I I I I I I I I I I I 100%

100% Agreement
for 27 of 51 (53%)

Imidazole I II I I I II I I II I I II 67%
Furan II II II II II II I II II II II II 92%
Benzethonium chloride SU I I I I I I I I I * I I 100%
Butyrolactone II II II II II II I II II II II II 92%

92% Agreement
for 5 of 51 (9.8%)

Cyclohexanone SO I I I I I I I I I * I I 100%
2-Methoxyethanol SO II II II II II II II II II * II I 91%
Laurylsulfobetaine SU I I I I I II I II I * I II 73%
Ethyl acetoacetate II II II II III II II II II * II II 91%

91% Agreement
for 5 of 51 (9.8%)

Gluconolactone II I I II I II I II I * I II 55%
Methylisobutyl ketone SO III II II III III III III III III * III III 82%
Pyridine SO I I I I I I I I I * I I 100%
Ethanol SO II II II II II II II II II * I II 91%
3-Glycidoxypropyltrimethoxysilane III III II III III III III III III III III III 92%

82% Agreement
for 3 of 51 (5.9%)

N-Lauroylsarcosine, sodium salt SU II II II II II II II II II * I II 91%
Octanol SO II II II II II II II II II * II II 100%
Deoxycholic acid, sodium salt SU I II I II I I I II I II I II 58%

75% Agreement
for 2 of 51 (3.9%)

2-Aminophenol III III III III III III III III III III III III 100%
Hexadecyltrimethylammonium
bromide

I II II II I II I I II * II I 55%

1-Phenyl-3-pyrazolidone III III III III II III III III III III III III 92%

73% Agreement
for 2 of 51 (3.9%)

Dibenzoyl-L-tartaric acid I I I I I II I I I * I I 91%
Dimethyl sulfoxide SO III III III III III III III III III * III III 100%
1-Nitropropane SO III III III III III III III III III III III III 100%
1 ,2,4-Trimethylbenzene II III II III II III III III III III III III 75%

67% Agreement
for 2 of 51 (3.9%)

Propyl-4-hydroxybenzoate III III III III III III III III III * III III 100%
Promethazine hydrochloride I I I I I I I II I * I III 82%
1 ,2,3-Trichloropropane SO II II I II II II II III I * II II 73%
Diacetone alcohol SO II II I II II II II II I * II II 82%

64% Agreement
for 1 of 51 (1.9%)

Methanol SO I I II II I I II III I * I I 64%
2,4-Dichloro-5-sulfamoylbenzoic
acid

III III III II III II III II III III II III 67%

Sodium oxalate III III III III III III III III III III III III 100%
Quinacrine III II III II II III III III II * III II 55%
Petroleum ether SO III III III III III III III III III III III III 100%

58% Agreement
for 1 of 51 (1.9%)

Dimethylbiguanide III III III III III III III III III * III III 100%
Magnesium carbonate III III III III III III III III III * III III 100%
Triethanolamine SO III III III III III III III III III * III III 100%
Aluminum hydroxide III III III III III II III III III III III III 92%

55% Agreement
for 3 of 51 (5.9%)

Tetraaminopyrimidine sulfate III III III III III III III III III * III III 100%
Hexane SO III III III III III III III III III III III III 100%
Iminodibenzyl III III III III III III III III III * III III 100%
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2-Mercaptopyrimidine III III III III III III III III III III III III 100%
Triton X-155 SU III III III III III III III III III * III III 100%
DL-Glutamic acid III III III III III III III III III III III III 100%
Anthracene III III III III III III III III III III III III 100%
Betaine monohydrate III III III III III III III III III III III III 100%
MYRJ-45 SU III III III III III III III III III * III III 100%
EDTA di-potassium salt III III III III III III III III III III III III 100%
BRIJ-35 SU III III III III III III III III III * III III 100%
Phenylbutazone III III III III III III III III III III III III 100%

�

C-354

ICCVAM AMCP Evaluation Report



Cytosensor Microphysiometer Bioassay Background Review Document

43

Table 3-5 modified from BRD Table 7-31 Coefficient of Variation Analysis of the Interlaboratory Variability of the
BCOP Test Method for Gautheron et al. (1994). Analysis by GHS hazard categories.

1 2 3 4 5 6 7 8 9 10 11 12
2-Ethoxyethanol SO 1 1 1 1 1 1 1 1 1 1 1 1 100%
2,4-Pentanedione SO 2A 1 1 2A 2A 2A 2A 2A 2A 2A 2A 1 75%
Allyl alcohol SO 1 1 1 1 1 1 1 1 1 1 1 1 100%
Imidazole 1 2A 1 1 1 2A 1 1 2A 1 1 2A 67%
Furan 2A 2A 2A 2A 2A 2A 1 2A 2A 2A 2A 2A 92%
Benzethonium chloride SU 1 1 1 1 1 1 1 1 1 * 1 1 100%
Butyrolactone 2A 2A 2A 2A 2A 2A 1 2A 2A 2A 2A 2A 92%
Cyclohexanone SO 1 1 1 1 1 1 1 1 1 * 1 1 100%
2-Methoxyethanol SO 2A 2A 2A 2A 2A 2A 2A 2A 2A * 2A 1 91%
Laurylsulfobetaine SU 1 1 1 1 1 2A 1 2A 1 * 1 2A 73%
Ethyl acetoacetate 2A 2A 2A 2A 2B 2A 2A 2A 2A * 2A 2A 91%
Gluconolactone 2A 1 1 2A 1 2A 1 2A 1 * 1 2A 55%
Methylisobutyl ketone SO 2B 2A 2A 2B 2B 2B 2B 2B 2B * 2B 2B 82%
Pyridine SO 1 1 1 1 1 1 1 1 1 * 1 1 100%
Ethanol SO 2A 2A 2A 2A 2A 2A 2A 2A 2A * 1 2A 91%
3-Glycidoxypropyltrimethoxysilane 2B 2B 2A 2B 2B 2B 2B 2B 2B 2B 2B 2B 92%
N-Lauroylsarcosine, sodium salt SU 2A 2A 2A 2A 2A 2A 2A 2A 2A * 1 2A 91%
Octanol SO 2A 2A 2A 2A 2A 2A 2A 2A 2A * 2A 2A 100%
Deoxycholic acid, sodium salt SU 1 2A 1 2A 1 1 1 2A 1 2A 1 2A 58%
2-Aminophenol 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 100%
Hexadecyltrimethylammonium
bromide 1 2A 2A 2A 1 2A 1 1 2A * 2A 1 55%

1-Phenyl-3-pyrazolidone 2B 2B 2B 2B 2A 2B 2B 2B 2B 2B 2B 2B 92%
Dibenzoyl-L-tartaric acid 1 1 1 1 1 2A 1 1 1 * 1 1 91%
Dimethyl sulfoxide SO 2B 2B 2B 2B 2B 2B 2B 2B 2B * 2B 2B 100%
1-Nitropropane SO 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 100%
1 ,2,4-Trimethylbenzene 2A 2B 2A 2B 2A 2B 2B 2B 2B 2B 2B 2B 75%
Propyl-4-hydroxybenzoate 2B 2B 2B 2B 2B 2B 2B 2B 2B * 2B 2B 100%
Promethazine hydrochloride 1 1 1 1 1 1 1 2A 1 * 1 2B 82%
1 ,2,3-Trichloropropane SO 2A 2A 1 2A 2A 2A 2A 2B 1 * 2A 2A 73%
Diacetone alcohol SO 2A 2A 1 2A 2A 2A 2A 2A 1 * 2A 2A 82%
Methanol SO 1 1 2A 2A 1 1 2A 2B 1 * 1 1 64%
2,4-Dichloro-5-sulfamoylbenzoic
acid 2B 2B 2B 2A 2B 2A 2B 2A 2B 2B 2A 2B 67%

Sodium oxalate 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 100%
Quinacrine 2B 2A 2B 2A 2A 2B 2B 2B 2A * 2B 2A 55%
Petroleum ether SO 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 100%
Dimethylbiguanide 2B 2B 2B 2B 2B 2B 2B 2B 2B * 2B 2B 100%
Magnesium carbonate 2B 2B 2B 2B 2B 2B 2B 2B 2B * 2B 2B 100%
Triethanolamine SO 2B 2B 2B 2B 2B 2B 2B 2B 2B * 2B 2B 100%
Aluminum hydroxide 2B 2B 2B 2B 2B 2A 2B 2B 2B 2B 2B 2B 92%
Tetraaminopyrimidine sulfate 2B 2B 2B 2B 2B 2B 2B 2B 2B * 2B 2B 100%
Hexane SO 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 100%
Iminodibenzyl 2B 2B 2B 2B 2B 2B 2B 2B 2B * 2B 2B 100%
2-Mercaptopyrimidine 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 100%
Triton X-155 SU 2B 2B 2B 2B 2B 2B 2B 2B 2B * 2B 2B 100%
DL-Glutamic acid 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 100%
Anthracene 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 100%
Betaine monohydrate 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 100%
MYRJ-45 SU 2B 2B 2B 2B 2B 2B 2B 2B 2B * 2B 2B 100%
EDTA di-potassium salt 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 100%
BRIJ-35 SU 2B 2B 2B 2B 2B 2B 2B 2B 2B * 2B 2B 100%
Phenylbutazone 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 2B 100%

Substance
Formulation

Type
Percent

Agreement Concordance
Lab Number

75% Agreement
for 2 of 51 (3.9%)

73% Agreement
for 2 of 51 (3.9%)

100% Agreement
for 27 of 51 (53%)

92% Agreement
for 5 of 51 (9.8%)

91% Agreement
for 5 of 51 (9.8%)

82% Agreement
for 3 of 51 (5.9%)

64% Agreement
for 1 of 51 (1.9%)

58% Agreement
for 1 of 51 (1.9%)

55% Agreement
for 3 of 51 (5.9%)

67% Agreement
for 2 of 51 (3.9%)
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Tables 3-6 and 3-7 present the reproducibility among 5 laboratories in the EC/HO validation
study for EPA and GHS hazard categories, respectively. For both analyses there was 100% agreement
for 30 of 59 test materials (50.8%), and there was �80% agreement (4 out of 5 laboratories) for 44 of
51 test materials (86.3%).

Table 3-6 modified from BRD Table 7-33 Interlaboratory Variability of the BCOP Test Methods for Balls et al. (1996)
Analysis by EPA hazard categories.

Lab Number

Substance
Formulation

Type 1 2 3 4 5
Percent

Agreement Concordance
1 -Naphthalene acetic acid, Na salt I I I I I 100%
Benzalkonium chloride (10%) SU I I I I I 100%
Sodium hydroxide (1%) AL I I I I I 100%

100% Agreement
for 30 of 59 (51%)

Cetylpyridinium bromide (6%) SU II I II II II 80%
Acetone SO I I I I I 100%
Imidazole I I I I I 100%
Benzalkonium chloride (5%) SU I I I I I 100%

80% Agreement
for 14 of 59 (24%)

Methyl acetate SO II II II II II 100%
Sodium hydroxide (10%) AL I I I I I 100%
Toluene SO II II II II II 100%
Chlorhexidine I I I I I 100%

60% Agreement
for 14 of 59 (24%)

Trichloroacetic acid (30%) AC I I I I I 100%
Dibenzyl phosphate SO I I I I I 100%
2,2-Dimethylbutanoic acid AC I I I I I 100%
Pyridine SO I I I I I 100%

40% Agreement
for 1 of 59 (1.7%)

Promethazine hydrochloride I I I I I 100%
Trichloroacetic acid (3%) AC I II I I I 80%
Benzalkonium chloride (1 %) SU I I I II I 80%
Parafluoraniline II II II II III 80%
Methyl ethyl ketone SO I II II I II 60%
4-Carboxybenzaldehyde I I II II II 60%
Ethanol SO II II II I II 80%
Cetylpyridinium bromide (10%) SU II I I II I 60%
Triton X-100 (5 %) SU II I I I II 60%
Triton X-100 (10 %) SU I I I II II 60%
Isobutanol SO II II II II II 100%
n-Hexanol SO II I II II II 80%
Sodium lauryl sulfate (15 %) SU II I II II II 80%
Cyclohexanol SO I II II II II 80%
2,6-Dichlorobenzoyl chloride III III III III III 100%
Sodium lauryl sulfate (3 %) SU II II II II III 80%
Isopropanol SO II II II I II 80%
Sodium perborate I I I II II 60%
Methyl isobutyl ketone SO III III III III III 100%
1-Naphthalene acetic acid I II II I II 60%
Butyl acetate SO II II II III III 60%
Methyl cyanoacetate III III III III III 100%
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Ethyl acetate SO III II II II III 60%
Potassium cyanate III III III III III 100%
2,5-Dimethylhexanediol SO III II III II III 60%
Benzoyl-L-tartaric acid I I I I I 100%
gamma-Butyrolactone SO I II II I II 60%
Tetraaminopyrimidine sulfate III III III III III 100%
Methylcyclopentane SO III III III III III 100%
2-Ethyl-1-hexanol SO II II II II III 80%
Cetylpyridinium bromide (0.1%) SU III III III III III 100%
Maneb II III III II II 60%
n-Octanol SO II I II III II 60%
Ethyl-2-methylacetoacetate II III III III III 80%
Ethyl trimethyl acetate SO II II III III III 60%
Ammonium nitrate III III III III III 100%
L-Aspartic acid III III III III III 100%
Captan 90 concentrate II II II I II 80%
Quinacrine III III III III III 100%
Fomesafen II I II III III 40%
Sodium oxalate III III III II III 80%
Polyethylene glycol 400 SU III III III III III 100%
Glycerol SO III III III III III 100%
Tween 20 SU III III III III III 100%

Table 3-7 modified from BRD Table 7-33 Interlaboratory Variability of the BCOP Test Method for Balls et al. (1996)
Analysis by GHS hazard categories.

Lab Number
Substance

Formulation
Type 1 2 3 4 5

Percent
Agreement Concordance

1 -Naphthalene acetic acid, Na salt 1 1 1 1 1 100%
Benzalkonium chloride (10%) SU 1 1 1 1 1 100%
Sodium hydroxide (1%) AL 1 1 1 1 1 100%

100% Agreement
for 30 of 59 (51%)

Cetylpyridinium bromide (6%) SU 2A 1 2A 2A 2A 80%
Acetone SO 1 1 1 1 1 100%
Imidazole 1 1 1 1 1 100%
Benzalkonium chloride (5%) SU 1 1 1 1 1 100%

80% Agreement
for 14 of 59 (24%)

Methyl acetate SO 2A 2A 2A 2A 2A 100%
Sodium hydroxide (10%) AL 1 1 1 1 1 100%
Toluene SO 2A 2A 2A 2A 2A 100%
Chlorhexidine 1 1 1 1 1 100%

60% Agreement
for 14 of 59 (24%)

Trichloroacetic acid (30%) AC 1 1 1 1 1 100%
Dibenzyl phosphate SO 1 1 1 1 1 100%
2,2-Dimethylbutanoic acid AC 1 1 1 1 1 100%

40% Agreement
for 1 of 59 (1.7%)

Pyridine SO 1 1 1 1 1 100%
Promethazine hydrochloride 1 1 1 1 1 100%
Trichloroacetic acid (3%) AC 1 2A 1 1 1 80%
Benzalkonium chloride (1 %) SU 1 1 1 2A 1 80%
Parafluoraniline 2A 2A 2A 2A 2B 80%
Methyl ethyl ketone SO 1 2A 2A 1 2A 60%
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4-Carboxybenzaldehyde 1 1 2A 2A 2A 60%
Ethanol SO 2A 2A 2A 1 2A 80%
Cetylpyridinium bromide (10%) SU 2A 1 1 2A 1 60%
Triton X-100 (5 %) SU 2A 1 1 1 2A 60%
Triton X-100 (10 %) SU 1 1 1 2A 2A 60%
Isobutanol SO 2A 2A 2A 2A 2A 100%
n-Hexanol SO 2A 1 2A 2A 2A 80%
Sodium lauryl sulfate (15 %) SU 2A 1 2A 2A 2A 80%
Cyclohexanol SO 1 2A 2A 2A 2A 80%
2,6-Dichlorobenzoyl chloride 2B 2B 2B 2B 2B 100%
Sodium lauryl sulfate (3 %) SU 2A 2A 2A 2A 2B 80%
Isopropanol SO 2A 2A 2A 1 2A 80%
Sodium perborate 1 1 1 2A 2A 60%
Methyl isobutyl ketone SO 2B 2B 2B 2B 2B 100%
1-Naphthalene acetic acid 1 2A 2A 1 2A 60%
Butyl acetate SO 2A 2A 2A 2B 2B 60%
Methyl cyanoacetate 2B 2B 2B 2B 2B 100%
Ethyl acetate SO 2B 2A 2A 2A 2B 60%
Potassium cyanate 2B 2B 2B 2B 2B 100%
2,5-Dimethylhexanediol SO 2B 2A 2B 2A 2B 60%
Benzoyl-L-tartaric acid 1 1 1 1 1 100%
gamma-Butyrolactone SO 1 2A 2A 1 2A 60%
Tetraaminopyrimidine sulfate 2B 2B 2B 2B 2B 100%
Methylcyclopentane SO 2B 2B 2B 2B 2B 100%
2-Ethyl-1-hexanol SO 2A 2A 2A 2A 2B 80%
Cetylpyridinium bromide (0.1%) SU 2B 2B 2B 2B 2B 100%
Maneb 2A 2B 2B 2A 2A 60%
n-Octanol SO 2A 1 2A 2B 2A 60%
Ethyl-2-methylacetoacetate 2A 2B 2B 2B 2B 80%
Ethyl trimethyl acetate SO 2A 2A 2B 2B 2B 60%
Ammonium nitrate 2B 2B 2B 2B 2B 100%
L-Aspartic acid 2B 2B 2B 2B 2B 100%
Captan 90 concentrate 2A 2A 2A 1 2A 80%
Quinacrine 2B 2B 2B 2B 2B 100%
Fomesafen 2A 1 2A 2B 2B 40%
Sodium oxalate 2B 2B 2B 2A 2B 80%
Polyethylene glycol 400 SU 2B 2B 2B 2B 2B 100%
Glycerol SO 2B 2B 2B 2B 2B 100%
Tween 20 SU 2B 2B 2B 2B 2B 100%

Tables 3-8 and 3-9 present the reproducibility among 3 laboratories in the prevalidation study of
Southee (1998) for EPA and GHS hazard categories, respectively. For both analyses there was 100%
agreement for 13 of 16 test materials (81%).
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Table 3-8 modified from BRD Table 7-35 Interlaboratory Variability of the BCOP Test Method for Southee (1998)
Analysis by EPA hazard categories.

Lab Number

Substance
Formulation

Type
1

(Avg)
2

(Avg)
3

(Avg)
Percent

Agreement Concordance
Butyl cellosolve SO I I I 100%
Benzalkonium chloride SU I I I 100%
NaOH (10%) AL I I I 100%

100% Agreement
for 13 of 16 (81%)

Imidazole I I I 100%
4-Carboxybenzaldehyde II II II 100%
Parafluoroaniline II II II 100%
Methyl ethyl ketone SO II I II 67%
Ethanol SO II II II 100%
Ammonium nitrate III III III 100%
Hexadecyltrimethylammonium
bromide (10%)

III II II 67%

67% Agreement
for 3 of 16 (19%)

Glycerol SO III III III 100%
Propyl-4-hydroxybenzoate II III III 67%
Triton X-100 (5%) SU III III III 100%
Sodium lauryl sulfate (15%) SU III III III 100%
Tween 20 SU III III III 100%
Sodium oxalate III III III 100%

Table 3-9 modified from BRD Table 7-35 Interlaboratory Variability of the BCOP Test Method for Southee (1998)
Analysis by GHS hazard categories.

Lab Number

Substance

Formulation
Type 1

(Avg)
2

(Avg)
3

(Avg)

Percent
Agreement Concordance

Butyl cellosolve SO 1 1 1 100%
Benzalkonium chloride SU 1 1 1 100%
NaOH (10%) AL 1 1 1 100%

100% Agreement
for 13 of 16 (81%)

Imidazole 1 1 1 100%
4-Carboxybenzaldehyde 2A 2A 2A 100%
Parafluoroaniline 2A 2A 2A 100%
Methyl ethyl ketone SO 2A 1 2A 67%
Ethanol SO 2A 2A 2A 100%
Ammonium nitrate 2B 2B 2B 100%
Hexadecyltrimethylammonium
bromide (10%) 2B 2A 2A 67%

67% Agreement
for 3 of 16 (19%)

Glycerol SO 2B 2B 2B 100%
Propyl-4-hydroxybenzoate 2A 2B 2B 67%
Triton X-100 (5%) SU 2B 2B 2B 100%
Sodium lauryl sulfate (15%) SU 2B 2B 2B 100%
Tween 20 SU 2B 2B 2B 100%
Sodium oxalate 2B 2B 2B 100%
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Annex III 

Composition of Substances Evaluated in the Alternate AMCP Testing Strategy 

C-361

Appendix C – Summary Review Document



This page intentionally left blank 

C-362

ICCVAM AMCP Evaluation Report



 

Composition of Substances Evaluated in the Alternate AMCP Testing Strategy 

Formulation Ingredients % Conc. (w/w) 

Water 90–95 

Solvent 1–5 

Inorganic phosphates 1–5 

Nonionic surfactant <1 

Inorganic alkalis <1 

Quaternary <1 

Inorganic salt <1 

Fragrance <1 

Nonionic surfactant <1 

H, Disinfectant /  
Cleaner Concentrate 

Thickeners <1 

Water 95–100 

Inorganic salt <1 

Inorganic phosphate <1 

Quaternary <1 

Nonionic surfactant <1 

pH adjuster <1 

Chelator <1 

Fragrance <1 

I, Disinfectant/ Cleaner RTU 

Dyes <1 

Water 90–95 

Solvent 1–5 

Nonionic surfactant 1–5 

pH adjuster <1 

Fragrance <1 

Quaternary <1 

Amine <1 

Thickener <1 

J, Disinfectant/ Cleaner RTU 

Dye <1 

Water 95–100 

Inorganic salt <1 

Anionic surfactant <1 

TCM <1 

K, Disinfectant 

pH adjuster <1 
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Composition of Substances Evaluated in the Alternate AMCP Testing Strategy 

Formulation Ingredients % Conc. (w/w) 

Water 95–100 

Phenolics <1 

Anionic surfactant <1 

Solvent <1 

Chelator <1 

pH adjuster <1 

Solvent <1 

Anionic surfactant <1 

Antioxidants <1 

Inorganic salts <1 

Fragrance <1 

P, Disinfectant / Cleaner RTU 

Dye <1 

Water 95–100 

Quaternary <1 R, Disinfectant 

Dye <1 

Water 75–80 

Inorganic acid 10–15 T, Descaler 

pH adjuster 1–5 

Water 95–100 

Quaternary <1 W, Disinfectant RTU 

Fragrance <1 

Water 65–70 

Chelator 5–10 

NaOH 5–10 

Nonionic surfactant 5–10 

AG, Metal Cleaner 

KOH <1 

Water 65–70 

Anionic surfactant 5–10 

Chelator 5–10 

Nonionic surfactant 5–10 

KOH 1–5 

Inorganic salt 1–5 

AH, Degreaser 

Glycol ether 1–5 

C-364

ICCVAM AMCP Evaluation Report



Composition of Substances Evaluated in the Alternate AMCP Testing Strategy 

Formulation Ingredients % Conc. (w/w) 

Water 75–80 

Inorganic salts 10–15 

Chelator 1–5 

NaOH 1–5 

Nonionic surfactant 1–5 

Amphoteric surfactant 1–5 

AI, Heavy Duty Cleaner/ 
Degreaser 

Dye <1 

Water 65–70 

Inorganic salts 10–15 

Anionic surfactant 5–10 

Chelator 1–5 

NaOH 1–5 

Nonionic surfactant 1–5 

AJ, Heavy Duty Cleaner 

Amphoteric surfactant 1–5 

Water 55–60 

Glycol ether 10–15 

Inorganic salt 5–10 

Amphoteric surfactant 5–10 

MEA 1–5 

NaOH 1–5 

Chelator 1–5 

Nonionic surfactants <1 

AK, Floor Stripper 

Fragrance <1 

Water 65–70 

Glycol ether 10–15 

Anionic surfactant 1–5 

Inorganic salt 1–5 

Chelator 1–5 

Nonionic surfactant 5–10 

NaOH 1–5 

AL, Cleaner/ 
Degreaser 

Dye <1 
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Composition of Substances Evaluated in the Alternate AMCP Testing Strategy 

Formulation Ingredients % Conc. (w/w) 

Water 65–70 

Glycol ether 20–25 

Ammonium Hydroxide 1–5 

Anionic surfactant 1–5 

Chelator 1–5 

AM, Glass Cleaner 

Dye <1 

Water 75–80 

Anionic surfactant 10–15 

Nonionic surfactant 5–10 

Chelator 1–5 

AN, General Cleaner 

Inorganic salt 1–5 

Water 60–65 

Glycol ether 10–15 

Anionic surfactant 10–15 

MEA 5–10 

Organic solvent 1–5 

Inorganic salt 1–5 

NaOH 1–5 

Chelator <1 

Fluorochemical <1 

AO, Floor Stripper 

Fragrance <1 

Water 80–85 

Inorganic salt 5–10 

NaOH 1–5 

Nonionic surfactant 1–5 

Anionic surfactant 1–5 

KOH <1 

Chelator <1 

Amphoteric surfactant <1 

Fragrance <1 

AP, All Purpose 
Cleaner 

Dye <1 
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Composition of Substances Evaluated in the Alternate AMCP Testing Strategy 

Formulation Ingredients % Conc. (w/w) 

Water 55–60 

Bleach 5–10 

Inorganic base <1 

Inorganic salt <1 

AT, Drain Cleaner 

Anionic surfactant <1 

Water 55–60 

Bleach 5–10 

Inorganic base 1–5 

Inorganic salt <1 

AU, Drain Cleaner 

Anionic surfactant <1 

Water 55–60 

Bleach 5–10 

Inorganic base 1–5 

Inorganic salt <1 

AV, Drain Cleaner 

Anionic surfactant <1 

Water 50–55 

Glycol ether 30–35 

MEA 10–15 

Organic solvent 1–5 

Ammonium Hydroxide 1–5 

AX, Floor Stripper 

Anionic surfactant 1–5 

Water 90–95 

Dye <1 

Inorganic base <1 

Chelator <1 

BB, Glass Cleaner 

Solvent 5–10 

Water 90–95 

Organic acid 1–5 

Anionic surfactant 1–5 

Thickener <1 

Dye <1 

BE, Toilet Bowl 
Cleaner 

Fragrance <1 
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Composition of Substances Evaluated in the Alternate AMCP Testing Strategy 

Formulation Ingredients % Conc. (w/w) 

Water 90–95 

Dye <1 

Solvent 1–5 

Anionic surfactant <1 

Fragrance <1 

Chelator <1 

BK, Glass Cleaner 

Inorganic base <1 

Water 90–95 

Solvent 5–10 

Inorganic base <1 

pH adjuster <1 

BM, Glass Cleaner 

Anionic surfactant <1 

Water 90–95 

Chelator <1 

Solvent 5–10 

Anionic surfactant <1 

Dye <1 

BL, Glass Cleaner 

Inorganic base <1 

Water 90–95 

Nonionic surfactant 1–5 

Anionic surfactant 1–5 

Preservative <1 

Thickener <1 

Dye <1 

Fragrance <1 

BN, Toilet Bowl 
Cleaner 

Phosphate <1 
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Annex IV 

Data Used for the Performance Analysis of the Alternate AMCP Testing Strategy 
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Summary Minutes 

Independent Scientific Peer Review Panel Meeting 

Evaluation of the Validation Status of Alternative Ocular Safety Testing Methods and 
Approaches 

Consumer Product Safety Commission Headquarters 
Fourth Floor Hearing Room 
Bethesda Towers Building 

Bethesda, MD 

May 19 - 21, 2009 

Peer Review Panel Members:  

A. Wallace Hayes, Ph.D., DABT, 
FATS, ERT (Peer Review Panel 
Chair) 

Visiting Scientist (Harvard), Harvard School of Public 
Health, Andover, MA; Principal Advisor, Spherix 
Incorporated, Bethesda, MD 

Hongshik Ahn, Ph.D. Professor, Stony Brook University, Stony Brook, NY 

Paul Bailey, Ph.D. Bailey & Associates Consulting, Neshanic Station, NJ 

Richard Dubielzig, D.V.M. Professor, School of Veterinary Medicine, University 
of Wisconsin-Madison, Madison, WI 

Henry Edelhauser, Ph.D.1 Professor of Ophthalmology and Director of 
Ophthalmic Research, Emory University School of 
Medicine, Atlanta, GA 

Mark Evans, D.V.M., Ph.D., DACVP Pathology Lead for Ophthalmology Therapeutic Area, 
Pfizer Global Research and Development at La Jolla 
Drug Safety Research and Development, San Diego, 
CA 

James Jester, Ph.D. Professor of Ophthalmology and Biomedical 
Engineering, Endowed Chair, University of California-
Irving, Orange, CA 

                                                           
1 Unable to attend the Panel meeting, but participated in the review of all materials. 
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Peer Review Panel Members:  

Tadashi Kosaka, D.V.M., Ph.D. Associate Director, Chief, Laboratory of 
Immunotoxicology and Acute Toxicology, Toxicology 
Division, The Institute of Environmental Toxicology, 
Ibaraki, Japan 

Alison McLaughlin, M.Sc., DABT Health Canada, Environmental Impact Initiative, Office 
of Science and Risk Management, Health Products and 
Food Branch, Ottawa, Ontario, Canada 

J. Lynn Palmer, Ph.D. Associate Professor, Department of Palliative Care and 
Rehabilitation Medicine, University of Texas, MD 
Anderson Cancer Center, Houston, TX 

Robert Peiffer, Jr., D.V.M., Ph.D., 
DACVO 

Senior Investigator, Merck Research Laboratories, 
Safety Assessment Toxicology, West Point, PA 

Denise Rodeheaver, Ph.D., DABT Assistant Director, Alcon Research Ltd., Department of 
Toxicology, Fort Worth, TX 

Donald Sawyer, D.V.M., Ph.D., 
DACVA 

Professor Emeritus, Retired, College of Veterinary 
Medicine, Michigan State University, East Lansing, MI 

Kirk Tarlo, Ph.D., DABT Scientific Director, Comparative Biology and Safety 
Sciences, Amgen, Inc., Thousand Oaks, CA 

Daryl Thake, D.V.M., Dipl. ACVP1 Midwest ToxPath Sciences, Inc., Chesterfield, MO 

Scheffer Tseng, M.D., Ph.D.1 Director, Ocular Surface (OS) Center, Medical Director 
OS Research & Education Foundation, Directory R&D 
Department, Tissue Tech, Inc., Ocular Surface Center, 
P.A., Miami, FL 

Jan van der Valk, Ph.D. Senior Scientist, Departments of Animals, Science and 
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University, Netherlands Centre Alternatives to Animal 
Use (NCA), Utrecht, Netherlands 

Philippe Vanparys, Ph.D., DABT Managing Director, CARDAM (VITO), Mol, Belgium 

Maria Pilar Vinardell, Ph.D. Director, Department of Physiology, Professor of 
Physiology and Pathology, Department Fisologia, 
Facultat de Farmacia, Universitat de Barcelona, 
Barcelona, Spain 

Sherry Ward, Ph.D., M.B.A. In Vitro Toxicology Consultant, BioTred Solutions, 
Science Advisor, International Foundation for Ethical 
Research, New Market, MD 
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Peer Review Panel Members:  

Daniel Wilson, Ph.D., DABT Mammalian Toxicology Consultant, Toxicology and 
Environmental Research Consulting, The Dow 
Chemical Company, Midland, MI 

Fu-Shin Yu, Ph.D. Director of Research, Department of Ophthalmology & 
Anatomy, School of Medicine, Wayne State University, 
Detroit, MI 

 

ICCVAM and ICCVAM Ocular Toxicity Working Group Members: 

Meta Bonner, Ph.D.  EPA, OPP, Washington, DC 

Robert Bronaugh, Ph.D.   FDA, CFSAN, College Park, MD 

Pertti Hakkinen NLM, Bethesda, MD 

Masih Hashim, D.V.M., Ph.D. EPA, OPP, Washington, DC 

Jodie Kulpa-Eddy, D.V.M. (ICCVAM 
Vice-Chair) 

USDA, Riverdale, MD 

Donnie Lowther FDA, CFSAN, College Park, MD 

Deborah McCall EPA, OPP, Washington, DC 

Jill Merrill, Ph.D. (OTWG Chair) FDA, CDER, Silver Spring, MD 

John Redden EPA, OPP, Crystal City, VA 

RADM William Stokes, D.V.M., 
DACLAM (Director, NICEATM) 

NIEHS, Research Triangle Park, NC 

Marilyn Wind, Ph.D., (ICCVAM 
Chair) 

CPSC, Bethesda, MD 

 

Invited Experts: 

Rodger Curren, Ph.D. Institute for In Vitro Sciences (IIVS), Gaithersburg, 
MD 

Arnhild Schrage, Ph.D. Experimental Toxicology and Ecology, BASF SE, 
Ludwigshafen, Germany 
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João Barroso, Ph.D. European Centre for the Validation of Alternative 
Methods, Ispra, Italy 

 

Public Attendees:  

Day Attended 
Attendee Affiliation 

1 2 3 

Odelle Alexander Syngenta Crop Protection, Greensboro, NC √ √ √ 

Ian Blackwell EPA, Antimicrobials Division, Arlington, VA √ √ - 

Krishna Deb EPA, Antimicrobials Division, Arlington, VA √ √ - 

Noe Galvan Clorox Services Co., Pleasanton, CA √ √ √ 

Earl Goad EPA, Antimicrobials Division, Arlington, VA √ √ √ 

John Harbell Mary Kay Inc., Addison, TX √ √ √ 

Leon Johnson EPA, Antimicrobials Division, Crystal City, 
VA 

√ - - 

Eli Kumekpor Invitrogen, Frederick, MD √ - √ 

Pauline McNamee The Procter & Gamble Co., Egham, Surrey, 
U.K. 

√ √ √ 

Michelle Piehl MB Research Laboratories, Spinnerstown, PA √ - - 

Patrick Quinn Accord Group, Washington, DC - - √ 

Hans Raabe Institute for In Vitro Sciences, Gaithersburg, 
MD - √ √ 

Mary Richardson Bausch & Lomb, Rochester, NY √ √ √ 

Michael Rohovsky Johnson & Johnson, New Brunswick, NJ √ √ √ 

Kristie Sullivan Physicians Committee for Responsible 
Medicine, Oakland, CA - - √ 

Neil Wilcox Consultant/FDA, College Park, MD √ √ - 
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NICEATM: 

RADM William Stokes, D.V.M., 
DACLAM 

Director 

Debbie McCarley Special Assistant to the Director 

Support Contract Staff— Integrated Laboratory Systems, Inc.: 

David Allen, Ph.D. Elizabeth Lipscomb, Ph.D. 

Jonathan Hamm, Ph.D. Linda Litchfield  

Nelson Johnson Greg Moyer, M.B.A. 

Brett Jones, Ph.D. James Truax, M.A. 

 

Abbreviations used in participants’ affiliations:  
CDER = Center for Drug Evaluation and Research 

CFSAN = Center for Food Safety and Applied Nutrition 

CPSC = U.S. Consumer Product Safety Commission 

ECVAM = European Centre for the Validation of Alternative Methods 

EPA = U.S. Environmental Protection Agency 

FDA = U.S. Food and Drug Administration 

ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods 

ILS = Integrated Laboratory Systems, Inc.  

NICEATM = National Toxicology Program Interagency Center for the Evaluation of Alternative 
Toxicological Methods 

NIEHS = National Institute of Environmental Health Sciences 

NLM = National Library of Medicine 

OPP = Office of Pesticide Products 

OTWG = Ocular Toxicity Working Group 

USDA = U.S. Department of Agriculture 
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TUESDAY, MAY 19, 2009 

Call to Order and Introductions 
Dr. Hayes (Peer Review Panel Chair) called the meeting to order at 8:30 a.m. and introduced himself. 
He then asked all Peer Review Panel (Panel) members to introduce themselves and to state their name 
and affiliation for the record. He then asked all the National Toxicology Program Interagency Center 
for the Evaluation of Alternative Toxicological Methods (NICEATM) staff, the Interagency 
Coordinating Committee on the Validation of Alternative Methods (ICCVAM) members, the 
ICCVAM Ocular Toxicity Working Group (OTWG) members, the European Centre for the 
Validation of Alternative Methods (ECVAM) staff person, and members of the public to introduce 
themselves. Dr. Hayes stated that there would be opportunities for public comments during the 
discussions associated with each of the ten test method topics. He asked that those individuals 
interested in making a comment register at the registration table and provide a written copy of their 
comments, if available, to NICEATM staff. Dr. Hayes emphasized that the comments would be 
limited to seven minutes per individual per public comment session, and that, while an individual 
would be welcome to make comments during each commenting period, repeating the same comments 
at each comment period would be inappropriate. He further stated that the meeting was being 
recorded and that Panel members should speak directly into the microphone. 

Welcome from the ICCVAM Chair 
Dr. Wind, U.S. Consumer Product Safety Commission (CPSC) and Chair of ICCVAM, welcomed 
everyone to CPSC and to the Panel meeting. Dr. Wind stressed the importance of this Panel’s efforts, 
especially considering the public health importance of ocular safety testing and hazard labeling. 
Dr. Wind noted that approximately 125,000 home eye injuries occur each year and over 2,000 
workers suffer eye injuries each day, many of which are caused by accidental exposure to chemicals 
or chemical products. Dr. Wind also reviewed the statutes and regulations requiring ocular testing.  

Dr. Wind thanked the Panel members for giving their expertise, time, and effort and acknowledged 
their important role in the ICCVAM test method evaluation process. Dr. Wind also emphasized the 
importance of public comments that are considered by the Panel in this process and the Panel’s role in 
the development of ICCVAM final test method recommendations. 

Welcome from the Director of NICEATM, and Conflict-of-Interest Statements 
Dr. Stokes, Director of NICEATM, stated the Panel meeting was being convened as a National 
Institutes of Health (NIH) Special Emphasis Panel and was being held in accordance with applicable 
U.S. Federal Advisory Committee Act regulations. As such, Dr. Stokes indicated that he would serve 
as the Designated Federal Official for this public meeting. He reminded the Panelists that, when they 
were originally selected, they had signed conflict-of-interest statements in which they identified any 
potential conflicts of interest. He then read the conflict-of-interest statement and again asked 
members of the Panel to identify any potential conflicts for the record. Dr. Hayes asked the Panel 
members to declare any direct or indirect conflicts based on Dr. Stokes’ statements and to recuse 
themselves from voting on any aspect of the meeting where these conflicts were relevant. 

Dr. Sawyer declared a potential conflict-of-interest regarding his employment with Minrad Inc., a 
company that manufactures inhalation anesthetics. Dr. Ward declared a potential conflict-of-interest 
regarding her consulting relationship with a company that manufactures antimicrobial cleaning 
products. Dr. Rodeheaver indicated that she worked for Alcon, a manufacturer of the topical 
anesthetics proparacaine and tetracaine. Dr. Vanparys declared a potential conflict-of-interest 
regarding his company’s involvement in the conduct of the Hen’s Egg Test – Chorioallantoic 
Membrane (HET-CAM) test method.  
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Overview of the ICCVAM Test Method Evaluation Process 
Dr. Stokes opened his presentation by thanking the Panel members for their significant commitment 
of time and effort preparing for and attending the meeting. He noted that this is an international Panel, 
made up of 22 different scientists from six different countries (Belgium, Canada, The Netherlands, 
Japan, Spain, and the United States). He explained that the purpose of the Panel was to conduct an 
independent scientific peer review of the information provided on several proposed alternative ocular 
safety test methods, a testing strategy, and proposed refinements to the in vivo rabbit eye test method. 
This assessment is to include an evaluation of the extent that each of the established ICCVAM criteria 
for validation and regulatory acceptance has been appropriately addressed for each test method or 
testing strategy. The Panel is then asked to comment on the extent that the available information and 
test method performance in terms of accuracy and reliability supports the ICCVAM draft 
recommendations. Dr. Stokes noted that the first ICCVAM Ocular Peer Review Panel met in 2005 to 
evaluate the validation status of four alternative test methods (Bovine Corneal Opacity and 
Permeability [BCOP], Isolated Chicken Eye [ICE], Isolated Rabbit Eye [IRE], and the HET-CAM) 
for their ability to identify ocular corrosives or severe irritants. The Panel recommended two of these 
test methods (BCOP and ICE) on a case-by-case basis for use in a tiered-testing strategy with test 
method-specific applicability domain restrictions. ICCVAM and the Scientific Advisory Committee 
on Alternative Toxicological Methods (SACATM) endorsed the Panel’s recommended use for these 
test methods. The Panel also recommended that, while the IRE and HET-CAM test methods were 
potentially useful in a tiered-testing strategy with appropriate restrictions, additional data were needed 
to fully assess their usefulness and limitations for regulatory testing. ICCVAM prepared a test method 
evaluation report (TMER) and provided a transmittal package (i.e., Panel report, SACATM and 
public comments, TMER and associated materials) to the ICCVAM Federal agencies for their 
response as required by the ICCVAM Authorization Act of 2000 (ICCVAM 2000). All Federal 
agencies with ocular testing requirements endorsed the BCOP and ICE test method recommendations. 
Dr. Stokes noted that five Panel members from the 2005 review are on the current Panel (i.e., 
Drs. Henry Edelhauser, A. Wallace Hayes, Robert Peiffer, Scheffer Tseng, and Philippe Vanparys). 

Dr. Stokes then provided a brief overview of ICCVAM and NICEATM, and identified the 15 Federal 
agencies that comprise ICCVAM. He summarized the purpose and duties of ICCVAM (as described 
in the ICCVAM Authorization Act of 20002), noting that ICCVAM, as an interagency committee, 
does not carry out research and development or validation studies. Instead, ICCVAM, in conjunction 
with NICEATM, carries out critical scientific evaluations of the results of validation studies for 
proposed test methods to assess their usefulness and limitations for regulatory testing, and then makes 
formal recommendations to ICCVAM agencies. 

Dr. Stokes then described the ICCVAM test method evaluation process, emphasizing the many 
opportunities for stakeholder input during numerous public comment periods.  

As part of this process, a working group of Federal scientists designated for the relevant toxicity 
testing area (e.g., the OTWG) and NICEATM prepare a draft background review document (BRD) 
that provides a comprehensive review of all available data and information. ICCVAM considers all of 
this available data and information and then develops draft test method recommendations on the 
proposed usefulness and limitations of the test methods, test method protocol, performance standards, 
and future studies. The draft BRD and the ICCVAM draft test method recommendations are made 
available to the Panel and the public for review and comment. The Panel reviews the draft BRD and 
evaluates the extent to which the established ICCVAM validation and regulatory acceptance criteria 
have been adequately addressed and the extent that the demonstrated accuracy and reliability support 
the ICCVAM draft test method recommendations. A Panel report is published and then considered, 
along with public and SACATM comments, by ICCVAM in developing final recommendations. 
                                                           
2 http://iccvam.niehs.nih.gov/docs/about_docs/PL106545.pdf 
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ICCVAM forwards these final recommendations to the ICCVAM member agencies for their 
consideration and possible incorporation into relevant testing guidelines. 

He concluded by summarizing the timeline for 2009 for the ICCVAM evaluation and peer review of 
the ocular test methods and approaches, including a Federal Register notice in March announcing the 
Panel meeting, the projected publication of the Panel report in July, and transmittal of ICCVAM final 
recommendations to Federal agencies in November. 

ICCVAM Charge to the Panel 
Dr. Stokes reviewed the charge to the Panel:  

(1) Review the ICCVAM draft BRDs for completeness and identify any errors or omissions (e.g., 
other relevant publications or available data). 

(2) Evaluate the information in the draft BRDs to determine the extent to which each of the 
applicable ICCVAM criteria for validation and regulatory acceptance of toxicological test 
methods have been appropriately addressed. 

(3) Consider the ICCVAM draft test method recommendations for the following and comment 
on the extent to which they are supported by the information provided in the BRDs: proposed 
test method usefulness and limitations, proposed recommended standardized protocols, 
proposed test method performance standards, and proposed future studies. 

Dr. Stokes thanked the OTWG and ICCVAM for their contributions to this project and acknowledged 
the contributions from the participating liaisons from ECVAM, the Japanese Center for the Validation 
of Alternative Methods (JaCVAM), and Health Canada. He also acknowledged the NICEATM staff 
for their support and assistance in organizing the Panel meeting and preparing the review materials. 

Overview of the Agenda 
Dr. Hayes outlined the process for reviewing each of the topics. First, the test method developer or 
other expert will describe the test method protocol and procedures, followed by a presentation 
summarizing the test method validation database and test method performance for each draft BRD or 
summary review document (SRD) given by a member of the NICEATM staff. An ICCVAM OTWG 
member will then present the ICCVAM draft test method recommendations. Following presentations, 
the Evaluation Group Chair responsible for the topic under consideration will present the Evaluation 
Group’s draft recommendations and conclusions followed by Panel discussion. Public comments will 
then be presented followed by the opportunity for questions to the public commenters and additional 
Panel discussion. After consideration of the public comments, the Panel will then vote to accept the 
Panel consensus, with any minority opinions being so noted with a rationale for the minority opinion 
provided. 

Draize Rabbit Eye Test and Current Ocular Regulatory Testing Requirements and 
Hazard Classification Schemes 
Ms. McCall of the U.S. Environmental Protection Agency (EPA) presented the relevant U.S. and 
international statutes and regulations for ocular safety testing (e.g., EPA, CPSC, Food and Drug 
Administration [FDA], Occupational Safety and Health Administration [OSHA], European Union 
[EU], and Organisation for Economic Co-operation and Development [OECD]). She summarized the 
Draize scoring system for corneal, iridal, and conjunctival lesions in the rabbit, using representative 
photographs for reference. She also discussed optional but potentially useful assessments of ocular 
injury (e.g., fluorescein staining, corneal thickness, depth of corneal injury, photographic 
documentation, and histopathology) that are not routinely included in the Draize eye test. Ms. McCall 
then provided an overview of the various U.S. and international hazard classification schemes for 
ocular corrosivity and irritation (i.e., EPA, EU, Globally Harmonized System of Classification and 
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Labelling of Chemicals [GHS], and Federal Hazardous Substances Act [FHSA]). She noted that, 
based on the recently adopted European Union Regulation on the Classification, Labelling and 
Packaging of Substances and Mixtures (i.e., the CLP Regulation), the EU will move to the GHS 
system after December 1, 2010, for substances and after June 1, 2015, for mixtures. Ms. McCall also 
identified the required signal words for labeling based on each regulatory classification. 

Use of Topical Anesthetics and Systemic Analgesics to Avoid or Minimize Pain and 
Distress in Ocular Toxicity Testing 
On behalf of NICEATM, Dr. Allen reviewed the relevant sections of the draft BRD on the routine use 
of topical anesthetics and systemic analgesics in in vivo ocular irritation testing. 

Dr. Merrill then presented the ICCVAM draft recommendations for the routine use of topical 
anesthetics and systemic analgesics in in vivo ocular irritation testing for the Panel to consider. 

Panel Evaluation 
Dr. Sawyer (Evaluation Group Chair) presented the Evaluation Group’s responses to questions posed 
to the Panel on the routine use of topical anesthetics and systemic analgesics in in vivo ocular 
irritation testing and ICCVAM draft test method recommendations. Dr. Sawyer indicated that 
anesthetic requirements vary enormously among species. For instance, cats require approximately 
40% more anesthetic than humans to achieve a similar level of anesthesia. Therefore, any protocol 
designed to minimize or eliminate pain needs to be individualized to the target species. The 
Evaluation Group proposed an alternative to the ICCVAM anesthetic/analgesic protocol to be used 
during all in vivo rabbit ocular irritation testing. Dr. Sawyer outlined the Evaluation Group’s proposed 
protocol, which is divided into pretreatment and posttreatment regimens as follows: 

Pretreatment Analgesia:  
Buprenorphine 0.01 mg/kg subcutaneous (SC) (60 minutes before test substance application 
[TSA]). Dr. Sawyer noted that buprenorphine is classified as an opioid agonist-antagonist analgesic 
with a wide margin of safety in rabbits, minimal sedation, and relatively long duration. It has been 
found to be effective in managing pain in small animals, and is given before application of the test 
substance because the most effective method of managing pain and distress is to administer the 
analgesic preemptively to prevent establishment of central sensitization. 

One or two drops of 0.5% proparacaine hydrochloride, applied to the eye three times at 
5-minute intervals starting 15 minutes pre-TSA. Last application would be five minutes pre-TSA. 
Anticipated duration of action: 30 - 60 minutes. Dr. Sawyer stated that proparacaine is preferred 
because application to the eye would be less painful and the suggested application sequence is to 
assure effective penetration of the epithelial layer.  

Eight hours post-TSA: 
Buprenorphine 0.01 mg/kg SC and meloxicam 0.5 mg/kg SC. Dr. Sawyer noted that the timing is 
to reinforce the initial level of analgesia to carry over until the next morning (the duration of analgesia 
is expected to be at least 12 hours for buprenorphine and at least 24 hours for meloxicam). The 
combination of an opioid and a nonsteroidal anti-inflammatory drug (NSAID) such as meloxicam is a 
well-tested approach to balanced analgesia. Used for post-operative or chronic pain in dogs since 
1997, meloxicam has been found to have effective application in rabbits.  

Day two through day seven post-TSA:  
Buprenorphine 0.01 mg/kg SC every 12 hours and meloxicam 0.5 mg/kg SC every 24 hours. 
Dr. Sawyer noted that buprenorphine and meloxicam should be continued for seven days post-TSA 
unless signs of ocular injury sufficient to cause pain and discomfort appear. If so, this systemic 
analgesic protocol would continue until the test is completed. 
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Rescue Analgesia: 
Dr. Sawyer also outlined a procedure where, if a test subject shows signs of physical pain or 
discomfort during the test interval using the above protocol, a rescue dose of buprenorphine at 
0.03 mg/kg SC could be given as needed every eight hours instead of 0.01 mg/kg SC every 12 hours. 
Meloxicam would continue with the same dose and interval. 

Dr. Sawyer pointed out that buprenorphine and meloxicam were synergistic and have an excellent 
safety profile in clinical practice. A question was raised concerning the interval of dosing throughout 
the test period and the burden that it would impose on the testing laboratory. The Panel agreed that a 
±30-minute interval is appropriate for the administration of the systemic analgesics.  

Dr. Dubielzig indicated that the impact of the NSAID on inflammatory aspects of the Draize rabbit 
eye test is unknown, but the Panel did not consider such affects to be limited and therefore not likely 
to be a problem. Dr. Jester questioned the need to continue analgesic treatment through day seven 
when Category III or IV substances would have cleared by day three. He suggested an Association for 
Assessment and Accreditation of Laboratory Animal Care (AAALAC) approach where treatment is 
continued through day four. Dr. Peiffer suggested that the temporal aspect be removed and that 
treatment be continued only if there are signs of discomfort. The Panel agreed that treatment 
should be stopped after day four (instead of day 7, as suggested above) if there are no signs of 
discomfort. The Panel agreed that pain assessment should be made and recorded daily.  

Dr. Jester raised a concern that the use of preservatives in the topical anesthetics may interfere with 
the irritation response. The Panel agreed that the use of preservative-free proparacaine should be 
required. Dr. Stokes asked how long after the administration of the systemic analgesics a rescue dose 
can be administered. Dr. Sawyer indicated that, due to the wide margin of safety, the rescue dose can 
be given immediately afterward if necessary.  

Dr. Jester expressed concern that dilution of the test substance could occur if a significant amount of 
liquid anesthetic remained in the eye. Dr. Peiffer indicated that, in his experience, the 5-minute 
interval is reasonable and should not pose a problem for test substance dilution.  

In response to the evaluation guidance question specific to testing situations where the use of topical 
anesthetics would be considered inappropriate, the Panel indicated that drugs to be used for ocular 
effects, such as eye drops, need to be tested by other means. However, the focus of this evaluation is 
eye irritation hazard classification; therefore, the proposal would be relevant to all such testing. The 
Panel did not know of additional systemic analgesics that might have greater efficacy in relieving 
ophthalmic pain associated with chemically-induced injuries. The Panel also agreed that there were 
no additional pain-related chemically-induced injuries to the eye that the proposed alternate analgesic 
proposal would not adequately address.  

The Panel expressed general concern about the use of transdermal patches to deliver anesthetics due 
to the need for shaving prior to patch application and the possibility of skin irritation. In addition, 
with multiple applications, the availability of irritation-free skin sites may pose a problem. Most 
importantly, analgesic patches have proven to be unreliable in clinical practice with significant 
animal-to-animal variation as well as species-to-species variation when comparing effectiveness and 
duration of effect. The Panel also indicated a greater concern about self-mutilation due to severe pain 
during eye irritation testing than about the potential for the systemic analgesics to alter the ocular 
injury response. Dr. Jester indicated that there was insufficient information in the BRD to make this 
assessment.  

The majority of the Panel agreed that the tetracaine information provided in the ICCVAM BRD could 
be applied to other topical anesthetics such as proparacaine. Dr. Ward indicated that additional studies 
on cell proliferation, migration, and cytotoxicity could be done with topical anesthetics to provide 
some assurance that they behave in a manner similar to tetracaine. Although it was previously noted 
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that anesthetic/analgesic use was for all in vivo eye irritation tests, the Panel indicated that 
administration of post-application analgesics is not a concern if a standard dosing regimen is used 
throughout and not adjusted for each animal to avoid overdosing side effects.  

The Panel also agreed that the clinical signs of post-application pain and distress are adequately 
described and that no other clinical signs should be added. In the event of an eye infection, the Panel 
agreed that secondary treatment should be considered, the signs and symptoms of the eye infection 
should be documented, and the animal should be immediately removed from the study. Finally, the 
Panel agreed that all relevant data had been adequately considered in the BRD. 

The Panel considered its proposal to be more appropriate than the ICCVAM-proposed 
recommendations in terms of the type and frequency of dosing for topical anesthetics and systemic 
analgesics. The Panel agreed with the ICCVAM draft recommendations for future studies. Therefore, 
it recommended refinement of the current in vivo test system to evaluate ocular irritation utilizing 
contemporary/novel technologies to address both concerns. The Panel recommended the following: 

• New animal studies should only be considered when absolutely necessary in developing new 
strategies for testing. 

• Products that are overpredicted when anesthetic and analgesic pretreatment is used should be 
identified. 

• Animal responses should be collected in tests currently being conducted to determine whether 
refinements are warranted in the dosing and timing of anesthetic, analgesic, and antibiotic 
treatments. 

• Rabbit ocular specimens should be submitted for histopathological evaluation to develop an 
archive of specimens. 

• Digital photographs of lesions/observations should be collected. 

• Analysis of the variability in rabbit wound-healing responses would help determine whether 
or not it is due to variability in the ocular defense linking to the neuroanatomic integration. 

• Studies should be conducted to determine whether the timing and dosing of systemic 
analgesics with topical anesthetics might alter the ocular defense enough to change the 
classification of test substances. 

• Cytology samples from the surface of the eye should be collected. 

• Studies should be conducted to investigate the appropriateness of using proparacaine instead 
of tetracaine. 

• Studies should be conducted to evaluate the impact of using the NSAID meloxicam with 
buprenorphine. 

• New technologies (e.g., new imaging modalities and quantitative/mechanistic endpoints) 
should be incorporated into the Draize rabbit eye test, refining/changing it to make it a more 
humane test that is also more reliable. 

Public Comments 

No public comments were made. 

Panel Conclusions and Recommendations 

Dr. Hayes asked if the Panel was in agreement with its preliminary conclusions. The Panel voted 
unanimously to approve the recommendations as revised during the discussion with one abstention, 
Dr. Rodeheaver, who cited a potential conflict-of-interest due to her employment by a manufacturer 
of anesthetic products. 
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Use of Humane Endpoints in In Vivo Ocular Irritation Testing 
On behalf of NICEATM, Dr. Allen reviewed the relevant sections of the draft BRD on the use of 
humane endpoints in in vivo ocular irritation testing for the Panel. 

Dr. Merrill then presented the ICCVAM draft recommendations for the use of humane endpoints in in 
vivo ocular irritation testing for the Panel to consider. 

Panel Evaluation 

Dr. Sawyer (Evaluation Group Chair) presented the Evaluation Group’s responses to questions posed 
to the Panel on the use of humane endpoints in in vivo ocular irritation testing and ICCVAM draft test 
method recommendations. The Panel agreed that each of the current and proposed humane endpoints 
detailed in the BRD are sufficiently predictive of irreversible or severe effects (i.e., GHS Category 1, 
U.S. EPA Category I, EU R41) that they should be used routinely as humane endpoints to terminate a 
study as soon as they are observed. The Panel also agreed that animals should be observed at least 
once per day (at least twice daily for the first three days) to ensure that termination decisions are 
made in a timely manner. The Panel agreed that there was insufficient data in the BRD to determine 
the adequacy of pannus as a recommended humane endpoint. The Panel also agreed that the use of 
fluorescein staining was an appropriate technique for evaluating eye injury; however, the technique 
needs to be better described before a reasonable conclusion regarding its value can be made. 
Dr. Jester suggested that the use of fluorescein staining had not been adequately discussed in this 
BRD.  

The Panel emphasized that, in some cases, decisions to terminate a study should be based on more 
than one endpoint. Very severe endpoints (e.g., corneal perforation) would be adequate alone to 
terminate a study. Other biomarkers considered useful by the Panel as routine humane endpoints 
included extent of epithelial loss, limbal ischemia, and/or stromal loss, and depth of corneal damage.  

In response to the question regarding other earlier biomarkers/criteria indicative that painful lesions 
can be expected to fully reverse, the Panel indicated eyes with conjunctival scores without corneal/iris 
scores would be expected to recover. The Panel indicated that the destruction of 50% of the limbus 
will result in pannus in rabbits and, therefore, the ICCVAM draft recommendation requiring 75% for 
early termination may be excessive. In addition, the Panel indicated that the humane endpoints 
described in the BRD were sufficient to ensure that the lesions would not reverse. The Panel did agree 
that the available data and information supported the ICCVAM draft recommendations on humane 
endpoints. The Panel recommended that studies be developed to identify better and earlier endpoints, 
such as those seen with fluorescein staining, and that these endpoints should be incorporated into 
current testing guidelines. 

Public Comments 

No public comments were made. 

Panel Conclusions and Recommendations 

Dr. Hayes asked if the Panel was in agreement with its preliminary conclusions. The Panel voted 
unanimously to approve the recommendations as revised during the discussion. 

Adjournment 
Dr. Hayes adjourned the Panel for the day at 5:45 p.m., to reconvene at 8:30 a.m. on Wednesday, 
May 20, 2009. 
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WEDNESDAY, MAY 20, 2009 

Dr. Hayes called the meeting to order at 8:28 a.m. and asked Dr. Stokes to discuss the conflict-of-
interest for the day’s planned topics. Dr. Stokes read the conflict-of-interest statement and Dr. Hayes 
asked the Panel to declare any conflicts-of-interest. The conflicts-of-interest declared by Panel 
members on day one of the meeting were repeated. 

Dr. Hayes then asked for introductions from the Panel, NICEATM staff, members of ICCVAM and 
the OTWG, and those in attendance for the public session. 

HET-CAM Test Method 
Dr. Schrage reviewed the various HET-CAM test method protocols (i.e., IS[A], IS[B], S-Score, 
Q-Score, and IT) and BASF experience with the test method. Dr. Schrage stressed the need for 
harmonization of HET-CAM protocols, endpoints, and scoring methods. BASF has conducted a 
retrospective review of 145 test substances, including a broad variety of chemicals and formulations, 
which revealed that overall accuracy, false positive rates, and false negative rates were not acceptable. 
The specificity and sensitivity were especially affected by solubility in both water and oil. These data 
were submitted to the journal Alternatives to Laboratory Animals in April 2009. Dr. Schrage said she 
would be willing to share the HET-CAM data on these 145 substances with NICEATM following 
publication. 

Dr. Vanparys said that he would be willing to provide NICEATM with HET-CAM data using the 
IS(B) analysis method to determine if conversion to the IS(A) method was feasible. He added that, in 
his experience, the HET-CAM test method can be sensitive for the identification of substances not 
labeled as irritants. 

On behalf of NICEATM, Dr. Allen reviewed the HET-CAM draft BRD. 

Dr. Merrill then presented the ICCVAM draft recommendations for the HET-CAM test method for 
the Panel to consider. 

Panel Evaluation 

Dr. Wilson (Evaluation Group Chair) presented the Evaluation Group’s responses to questions posed 
to the Panel on the validation status of the HET-CAM test method and ICCVAM draft test method 
recommendations. He noted that HET-CAM classified four EPA Category III substances incorrectly 
as Category IV (i.e., they were false negative in HET-CAM). However, he said that regulators would 
be more concerned if the false negative substances were EPA Category I or Category II. Some 
Panelists did not consider these substances likely to be a significant risk. Dr. Stokes suggested adding 
a statement defining an acceptable rate for false positives and false negatives. Dr. Wilson expressed 
concern that, while three of the four animals had an EPA Category III classification that cleared in 
seven days, one animal had a conjunctival redness score of two that cleared to one in seven days but 
required 14 days to completely resolve (i.e., return to a score of zero). Such lesions would not be 
considered inconsequential. 

The Panel discussed the low number of mild and moderate substances used in the performance 
analyses, and that additional substances in these categories would be needed before a conclusion on 
the usefulness of HET-CAM could definitively be reached. The Panel also recognized that the 
validation database does not include substances currently regulated by EPA and that collection of 
additional data is needed. Therefore, given the limited data for mild and moderate substances, the 
Panel did not support the ICCVAM draft test method recommendation for use of the HET-CAM to 
identify substances not labeled as irritants from all other classes. 

Dr. Peiffer said that he was concerned with the recommendation to test increasing concentrations of 
test substances. He stated that while dose-response curves are preferred for scientific studies, they are 
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not practical for regulatory testing. Dr. Sawyer agreed that increasing concentrations should not be a 
requirement. Ms. McLaughlin argued that use of different concentrations allows the investigator to 
see if increasing the concentration affects the outcome. She stated that poor predictivity might result 
from use of a concentration that produces an ineffectual or weak response, whereas the comparative 
effect of a higher concentration would provide useful information. The Panel agreed to remove the 
concentration requirement from the test method protocol but to include it as a general 
recommendation for additional research. 

Ms. McLaughlin offered a minority opinion with respect to the Panel’s recommendation on the use of 
the HET-CAM test method to identify substances not labeled as irritants from all other classes. 
Ms. McLaughlin stressed that personal care products are not regulated in the U.S. as they are in 
Europe and Canada. Ms. McLaughlin stated that the HET-CAM test method could be used as an 
alternative to the Draize rabbit eye test to evaluate personal care products in situations where they are 
regulated. Dr. Hayes asked Ms. McLaughlin to write a short paragraph to note the rationale for her 
opposition to the majority view for inclusion in the Panel report. Ms. McLaughlin drafted the 
following text: 

Based on the demonstrated performance as outlined in the ICCVAM draft recommendations, 
HET-CAM can be used to screen not labeled as irritants from other irritant categories for the 
restricted applicability domain (surfactant-based formulations and oil/water emulsions). The rationale 
for this dissenting view is based on the fact that there were 60 substances in the overall database. The 
hazard category distribution was: 25 Category I; 2 Category II; 18 Category III; and 15 Category IV, 
The sensitivity of HET-CAM is 91% (41/45), resulting in a false negative rate of 9% (4/45). Among 
the four false negatives for the EPA system, 100% (4/4, all oil/water emulsion cosmetic formulations) 
were EPA Category III substances based on conjunctival redness score of two that required at least 
three days to resolve. The lesions noted in vivo indicated mild ocular irritation and are unlikely to 
represent a significant hazard. As such, the HET-CAM could be considered useful as a screening test 
for EPA Category IV substances not labeled as irritants from all other categories for the restricted 
applicability domain of surfactant-based formulations and oil/water emulsions. The sensitivity for 
GHS and EU was high enough for each system to warrant HET-CAM test method use (i.e., 100% 
sensitivity; 31/31 and 26/26, respectively for GHS and EU [from the ICCVAM draft BRD, Tables 6-2 
and 6-12]) also with domain restriction. This performance demonstrates that HET-CAM could be 
used to screen EU or GHS hazard not labeled as irritant classifications from other irritant categories 
for the restricted applicability domain of surfactant-based formulations and oil/water emulsions. It 
should be noted that, for regulatory purposes, sensitivity (the proportion of all positive substances that 
are classified as positive) is most important from a public health perspective and the HET-CAM 
performed well in this regard. 

The Panel discussed the ICCVAM draft recommended protocol for the HET-CAM test method. 
Dr. Vinardell said that she would like to see a statement added to the protocol to wash out any 
leftover solids after 30 seconds (as currently recommended in the EU Annex V). Dr. Hayes asked 
Dr. Vinardell to provide a statement for Dr. Wilson to include in the Panel report. 

The Panel discussed the HET-CAM test method performance. One Panelist suggested that a 
Chi-square analysis should be included to ensure that differences in classification were statistically 
significant. Dr. Ahn was asked if a power analysis could be used to determine if the number of 
substances in the mild and moderate classification was adequate to differentiate the irritant 
classifications. Dr. Ahn said that there should be at least three substances in each classification 
category to conduct a power analysis. 

The Panel discussed the need for Good Laboratory Practice (GLP) studies. Dr. Hayes emphasized that 
a study is either GLP compliant or it is not. He said that the phrase “spirit of GLP” should not be used 
in the Panel report. He also said that the term “original data” should be used rather than “raw data.” 
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The Panel agreed that data from studies not conducted under GLP guidelines could be used to 
increase knowledge about the applicability domain of a test method but that laboratories should 
provide sufficient detail about the conduct of the study to understand any deviations from GLP 
guidelines. 

The Panel discussed additional sources of HET-CAM data to expand the applicability domain and the 
number of mild and moderate substances tested. Dr. Allen noted that Dr. Debbasch, a principal 
contact for data acquisition, had left L’Oreal. Dr. Hayes said that cosmeceuticals represented a gray 
zone between cosmetics and personal-care formulations, and this class of products should be 
considered. Ms. McLaughlin said that the inclusion of a single ingredient (e.g., a UV-blocking 
material) could change the regulatory requirements for a formulation from an unregulated personal 
care product to a regulated material in Canada. She said that the applicability domain and database 
used in the ICCVAM draft BRD should be adequate to warrant use of the HET-CAM test method for 
personal care products that are not labeled as irritants. The Panel did not support the use of additional 
studies to identify the full range of irritation but supported additional studies to identify substances 
not labeled as irritants from all other classifications. 

Public Comments 

Dr. Barroso from ECVAM commented that the false negatives using the EPA classification system, 
which are substances not labeled as irritants using the GHS classification system, result because the 
EPA classification system categorizes substances based upon the most severe category observed 
among the test rabbits (i.e., not based on the majority classification among rabbits tested). Dr. Barroso 
also said that because the types of formulations regulated by EPA are not present in the database that 
the EPA classification system should not be given too much weight. 

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Panel Conclusions and Recommendations 

Dr. Hayes asked if the Panel was in agreement with its preliminary conclusions. The Panel voted to 
approve the recommendations as revised during the discussion with one minority opinion, 
Ms. McLaughlin, and one abstention, Dr. Vanparys, who cited a potential conflict-of-interest with the 
HET-CAM test method, which he had worked on at Johnson & Johnson. 

Isolated Chicken Eye Test Method 
On behalf of NICEATM, Dr. Allen presented an overview of the ICE test method protocol and 
reviewed the ICE draft BRD. One Panelist asked why the test method was limited to three eyes. 
Dr. Allen explained that the incubation apparatus contained 10 chambers, sufficient for three groups 
of three eyes and a negative control. However, the ICCVAM ICE test method protocol, upon which 
the recently submitted OECD Test Guideline is based, includes both positive and negative controls.  

Dr. Jester said that the term fluorescein staining should be used rather than retention. He also asked 
how the EPA classification categories were determined using the ICE test method. Dr. Allen replied 
that the four-tiered EPA classification system was considered equivalent to the four-tiered GHS 
system and used the same ICE test method decision criteria (e.g., EPA Category I – GHS Category 1, 
EPA Category II = GHS Category 2A, EPA Category III = GHS Category 2B, EPA Category IV = 
GHS Category Not labeled).  

Dr. Yu asked if the evaluation of the eyes was subjective and whether photographs were taken. 
Dr. Allen said that the evaluation of the eyes for corneal lesions was subjective, except for the 
measurement of corneal swelling, which is measured quantitatively using a pachymeter. He said that 
photographs were not typically taken but were recommended by the previous ocular Panel.  
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Dr. Merrill then presented the ICCVAM draft recommendations for the ICE test method for the Panel 
to consider. 

Panel Evaluation 

Dr. Tarlo (Evaluation Group Chair) presented the Evaluation Group’s responses to questions posed to 
the Panel on the validation status of the ICE test method and ICCVAM draft test method 
recommendations. The Panel agreed that the available data and test method performance supported 
the ICCVAM draft recommendations that the ICE test method is not recommended to identify 
substances from all hazard categories as defined by GHS, EPA, and EU classification systems. The 
Panel further agreed that the ICE test method is not recommended as a screening test to identify 
substances not labeled as irritants from all other hazard classifications defined by GHS, EPA, and EU, 
because one of the false negatives included a GHS Category 1 substance. The Panel agreed with the 
ICCVAM draft recommendation that the ICE test method should not be used as a screening test to 
identify GHS substances not labeled as irritants. Dr. van der Valk noted that the ICE test method is 
used by the Netherlands Organisation for Applied Scientific Research (TNO) to obtain good results, 
but the results obtained by other laboratories using the ICE test method in the validation study were 
variable. Dr. Vanparys recommended that the source of the variability be noted in the appropriate 
text.  

The Panel agreed that the available data supported the ICCVAM draft recommendations that the 
proposed standardized protocol appeared acceptable. However, the Panel suggested that the protocol 
could be improved by adding objective endpoints for corneal opacity and fluorescein staining. The 
Panel also added that inclusion of a histopathological evaluation might improve ICE test method 
performance. 

The Panel agreed with the ICCVAM draft recommendations for the ICE test method in terms of the 
proposed future studies that additional optimization studies would be required to validate the test 
method for the identification of all ocular irritancy hazard categories. The use of histopathology 
evaluation might add to the accuracy and determination of the test. The Panel also agreed with 
ICCVAM that the ICE test method performance standards are not warranted at this time. 

Public Comments 

Dr. Barroso said that variability of the ICE test method was similar to that of the Draize rabbit eye 
test because of the subjective assessments. He stated that the ICE test method should not be held to a 
higher standard than the Draize test. He also noted that the concordance among laboratories was 
reasonable. 

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Panel Conclusions and Recommendations 

Dr. Hayes asked if the Panel was in agreement with its preliminary conclusions. The Panel voted 
unanimously to approve the recommendations as revised during the discussion. 

Isolated Rabbit Eye (IRE) Test Method 
On behalf of NICEATM, Dr. Allen presented an overview of the IRE test method and reviewed the 
IRE draft BRD. Dr. Hayes asked whether the rabbits used by GlaxoSmithKline (GSK) were from 
PelFreeze Biologicals or if fresh eyes were used for each test. Dr. Allen replied that at least some of 
the rabbits were obtained from other GSK laboratories and had been used as negative controls from 
other acute safety testing. Dr. Ward noted that PelFreeze ships rabbit eyes from its facility in Rogers, 
Arkansas, adding that their rabbits are used for multiple purposes. She was not aware of a formal 
study to determine the acceptability of eyes shipped from the U.S. to Europe. Dr. Peiffer suggested 
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that shipped eyes should be carefully examined prior to use. Dr. Jester said that his laboratory has 
compared eyes obtained from an abattoir to fresh eyes and found no significant differences.  

Dr. Merrill then presented the ICCVAM draft recommendations for the IRE test method for the Panel 
to consider. 

Panel Evaluation 

Dr. Tarlo (Evaluation Group Chair) presented the Evaluation Group’s responses to questions posed to 
the Panel on the validation status of the IRE test method and ICCVAM draft test method 
recommendations. The Panel agreed with ICCVAM that additional optimization and validation 
studies using a protocol that includes all four recommended endpoints are needed to further evaluate 
the relevance and reliability of the IRE test method and to develop more definitive recommendations. 

The Panel recommended that the planned validation study with GSK/SafePharm include an 
evaluation of fresh versus shipped eyes. In general, the Panel felt there should be rigid criteria on the 
handling and storage of the eyes. Finally, the Panel recommended that criteria on test article 
administration/washout (e.g., viscous substances) were warranted. 

Public Comments 

No public comments were made. 

Panel Conclusions and Recommendations 

Dr. Hayes asked if the Panel was in agreement with its preliminary conclusions. The Panel voted 
unanimously to approve the recommendations as revised during the discussion. 

Bovine Corneal Opacity and Permeability Test Method (BCOP) 
Dr. Curren, Institute for In Vitro Sciences, provided an overview of the BCOP test method. He noted 
that Pierre Gautheron and his colleagues initially developed the test method for occupational safety. 
Dr. Curren said that as many as 30% of bovine eyes are rejected upon inspection because of scratches 
and other defects, and emphasized the importance of including concurrent positive and negative 
controls in each study. With respect to histopathology evaluation, he said that it was important to 
carefully choose a qualified laboratory because of the impact of quality on the evaluation.  

Dr. Vanparys pointed out that the 15x OD490 value in the In Vitro Score calculation was chosen to 
equate the data to in vivo data. One Panel member asked if there was an equilibration period, and 
Dr. Curren indicated that the bovine corneas were equilibrated for one hour before dosing.  

Dr. Bailey asked if there was an example for when histopathology evaluation should be recommended 
based on effects associated with a particular chemical class. Dr. Curren cited as an example oxidizers, 
which may not produce opacity or permeability changes, but still produce substantive corneal damage 
that is observable only by histopathology. A Panel member asked why corneal thickness was not 
measured to provide a quantitative endpoint. Dr. Curren said that corneal thickness has been 
evaluated, but is less reliable than the opacity and permeability measurements and therefore is not 
measured in the current protocol.  

Dr. Peiffer asked how the BCOP decision criteria for histopathology evaluation are applied to the 
EPA categorization scheme. Dr. Curren replied that a substance labeled as EPA Category IV would 
not penetrate further than the superficial corneal epithelium, whereas a Category III substance would 
penetrate to the basal layer, a Category II substance into the top third of the stroma, and a Category I 
substance into the bottom third of the stroma or to the endothelium. Minimal damage to the 
epithelium heals quickly, moderate damage heals more slowly, and significant damage (e.g., deep 
stromal or endothelial penetration) may be irreversible. 

On behalf of NICEATM, Dr. Hamm reviewed the BCOP draft BRD.  
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Dr. Merrill then presented the ICCVAM draft recommendations for the BCOP test method for the 
Panel to consider. 

Panel Evaluation 

Dr. Tarlo (Evaluation Group Chair) presented the Evaluation Group’s responses to questions posed to 
the Panel on the validation status of the BCOP test method and ICCVAM draft test method 
recommendations. With respect to the substances used in the validation studies, the Panel requested 
additional chemical classes be added as data becomes available to provide a more significant 
statistical inference. The Panel requested that Drs. Ahn and Palmer conduct a power analysis to 
determine the number of substances needed in each hazard classification to provide statistical 
significance. 

The Panel discussed the performance of the BCOP test method to identify the intended range of 
classification categories. The Panel indicated that the available data and analyses were adequate for 
the intended purpose. The Panel indicated that all available and relevant data had been used in the 
ICCVAM BCOP test method analyses. 

The Panel agreed with ICCVAM that the test method performance supported the ICCVAM draft 
recommendations. Accordingly, the BCOP test method was not recommended to identify substances 
from all hazard categories as defined by GHS, EPA, and EU classification systems. However, the 
BCOP test method can be used as a screening test to distinguish substances not labeled as irritants 
from all other hazard categories when results are to be used for EU or GHS hazard classifications. 
Because of the significant lesions associated with 50% (4/8) of the EPA Category III substances that 
tested as false negatives, the BCOP test method cannot be recommended as a screening test to 
identify EPA Category IV substances. 

The Panel agreed with the ICCVAM draft recommendation that the BCOP test method could be used 
to distinguish substances not labeled as irritants from all other irritant classes, because the false 
negative rate for the EU and GHS systems was 0% (0/54 or 0/97, respectively). By comparison, the 
false negative rate was 6% (8/141) for the EPA system. Among the eight false negatives for the EPA 
system, 100% (8/8) were EPA Category III substances based on Draize rabbit eye test data. 

The Panel said that, while the BCOP test method is unable to identify all irritant classifications, 
further test method development and refinement in future studies was encouraged.  

The Panel recommended that performance standards should be developed, because the BCOP test 
method is now being considered as a screening test for both ocular corrosives/severe irritants and for 
the identification of substances not labeled as irritants. 

Public Comments 

Dr. Curren said that, based on his experience with the BCOP test method, performance of the BCOP 
for the four hazard classification systems was unlikely to improve based on the lack of Draize rabbit 
eye test reproducibility in the mild and moderate categories. He said that results from Weil and Scala 
(1971) show that the extremes are reproducible, but the mild and moderate levels of ocular irritation 
are highly variable. He referenced the antimicrobial cleaning products (AMCP) BRD that includes an 
analysis of the impact on the ocular hazard category when the results of a six-rabbit Draize test are 
randomly sampled for a three-rabbit test.  

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Dr. Harbell, Mary Kay Inc., said that his laboratories have used over 30,000 bovine eyes that were 
kept cold at 4ºC. He added that damaged eyes are quickly removed and excluded from the test. He 
pointed out that Gautheron et al. (1992) used both fresh eyes and eyes maintained at 4ºC and found no 
differences in their test method results. Dr. Harbell emphasized the utility of the BCOP in comparison 
to the other methods being considered given its focus on quantitative measurements. 
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Dr. Harbell also asked the Panel to consider how histopathology evaluation might contribute to the 
BCOP test method performance. He said that the experts at the 2005 ICCVAM workshop considered 
the depth of injury to be an important consideration in the assessment of ocular injury. The purpose of 
including histopathology evaluation is to evaluate the depth of injury that may not be visible to the 
naked eye. Dr. Harbell cited the example of oxidizing chemicals that may not affect the opacity or 
permeability of bovine eyes but do still damage the corneal tissue. Therefore, for these substances, 
depth-of-injury analysis may be important to differentiate corrosives or severe irritants from moderate 
irritants. Dr. Harbell said he would like to see histopathology evaluation reconsidered. Dr. Ward 
asked if he was recommending histopathology evaluation for all classes. Dr. Harbell said that he was 
but that it would be used primarily for EPA Categories I and II. 

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Dr. Barroso commented on what he referred to as the “top-down” (i.e., screening for 
corrosives/severe irritants) and “bottom-up” (i.e., screening for substances not labeled as irritants) 
approaches using the ICE and BCOP test methods. ECVAM is developing a paper to recommend the 
use of these proposed testing strategies for both ICE and BCOP, where substances could be tested in 
the BCOP or ICE test methods in order to identify corrosives/severe irritants or substances not labeled 
as irritants without using an animal test. 

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Panel Conclusions and Recommendations 

Dr. Hayes asked if the Panel was in agreement with its preliminary conclusions. The Panel voted 
unanimously to approve the recommendations as revised during the discussion (pending the results of 
a power analysis by Dr. Ahn) with one abstention, Dr. Vanparys, who cited a potential conflict-of-
interest with the BCOP test method, which he had worked on at Johnson & Johnson. 

Adjournment 

After the discussion, Dr. Hayes adjourned the Panel for the day at 7:25 p.m., to reconvene at 8:30 
a.m. on Thursday, May 21, 2009. 
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THURSDAY, MAY 21, 2009 

Dr. Hayes convened the Panel at 8:30 a.m. and asked Dr. Stokes to discuss the conflict-of-interest for 
the day’s planned topics. Dr. Stokes read the conflict-of-interest statement and Dr. Hayes asked the 
Panel to declare any conflicts-of-interest. The conflicts-of-interest declared by Panel members on day 
one of the meeting were repeated. 

Dr. Hayes then asked for introductions from the Panel, NICEATM staff, members of ICCVAM and 
the OTWG, and those in attendance for the public session. 

The first order of business was to address issues from the preceding day. 

BCOP Power Calculation 
Dr. Ahn reported on the power calculation requested on Wednesday May 20, 2009, for the BCOP test 
method. He determined that, for each of the four hazard classification systems, a sample size of 
13 substances in each chemical class represented (i.e., 13 x 4 for each chemical class for a four-
category hazard classification system) is required to achieve 80% power using a two-group normal 
approximation test for proportions with a one-sided 0.05 significance level. This is necessary to reject 
the null hypothesis that the BCOP test is inferior to the Draize rabbit eye test (the accuracy of the 
BCOP test is more than 0.1 less than that of the Draize test) in favor of the alternative hypothesis that 
the accuracies in the two groups are equivalent. Dr. Ahn also noted that his analysis included the 
assumption that the expected accuracy of the BCOP test is 0.6 and the expected accuracy of the 
Draize rabbit eye test is 0.9. 

The Panel voted unanimously to include the recommendation that a sample size of 13 be used for 
each chemical class in each of the four hazard classifications to achieve statistical significance. 

ICE Test Method False Negative Substances 
Dr. Vanparys commented on the ability of the ICE test method to identify GHS substances not 
labeled as irritants. Dr. Vanparys indicated that the false negative substances listed in the ICCVAM 
BRD were either paints that stick to the cornea or solids, which are known to give inaccurate results 
with the ICE test method. Dr. Vanparys suggested that the ICE test method is capable of identifying 
GHS substances not labeled as irritants with the exception of solids and substances that stick to the 
cornea. The overall Panel recommendations, as stated the previous day, remained unchanged. 

Low Volume Eye Test (LVET) Test Method 
On behalf of NICEATM, Dr. Allen provided a brief overview of the LVET test method and reviewed 
the LVET draft SRD.  

Dr. Merrill then presented the ICCVAM draft recommendations for the LVET for the Panel to 
consider. 

Panel Evaluation 

Dr. Sawyer (Evaluation Group Chair) presented the Evaluation Group’s responses to questions posed 
to the Panel on the validation status of the LVET and ICCVAM draft test method recommendations. 
The Panel noted that the LVET has been used on a wide range of substances and that it does detect 
the full range of ocular irritancy, but recognized that the majority of the LVET database was for 
surfactants and surfactant-containing products. The Panel identified several references that should be 
added to the SRD and noted the need to review the ECVAM BRD. If any additional historical data 
were obtained, there might be sufficient data to determine the performance of the LVET on several 
other chemical classes.  
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The Panel indicated that pain associated with direct application of the test substance to the cornea 
should not be an issue in light of the recommendations for topical anesthetic and systemic analgesic 
use. 

When discussing the performance of the LVET compared to the Draize test, the Panel indicated that 
the evaluation was adequate, noting that the LVET appeared to overpredict the human response to a 
lesser degree than the Draize rabbit eye test. They also recommended that the full range of irritation 
categories are represented in the LVET validation database.  

In considering whether all available data had been made available, the Panel indicated that all data 
had not been evaluated. Additional published sources should be considered as well as the ECVAM 
BRD, on which the Panel was unable to comment during this meeting. The Panel stated that in the 
absence of all existing data, including a background review document prepared by the European 
Centre for the Validation of Alternative Methods, it could not make definitive conclusions or 
recommendations on the validation status of the LVET. Nonetheless, the Panel did consider the 
limited data that are available for the LVET to support the use of historical LVET data as acceptable 
in vivo reference data on which to base comparisons to in vitro study results. 

Public Comments 

Dr. Harbell commented that eye irritation testing is done to protect the public and that accidental 
exposure data should be included in the evaluation. Dr. Harbell also commented on Dr. Merrill's 
presentation that outlined the ICCVAM draft recommendations. He stated that the suggestion in the 
ICCVAM draft recommendations that severe substances should be tested in humans is terrifying. 
(Note: This comment was in response to a misinterpretation by the commenter, which was clarified 
by Dr. Merrill who stated that the ICCVAM draft recommendations do not recommend human testing 
to be conducted [see below]). 

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Dr. Curren commented that the LVET is being discussed because it was used as an in vivo reference 
test method for some of the data provided for the antimicrobial cleaning product (AMCP) testing 
strategy. He stated that only biologic or LVET data exist for many of the AMCPs, and these data 
were used to determine the prediction model to support registration of these AMCPs. The LVET test 
method is no longer used, but there is historical data that can and should be used. Dr. Curren stated 
that the question is whether we are putting people at risk based upon the cut-off points suggested in 
the AMCP BRD. 

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Dr. McNamee (Procter & Gamble) reiterated the comments by Dr. Curren regarding the LVET and 
noted that 30 years of human experience data with a chemical substance are sufficient for licensing in 
the United Kingdom. 

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Dr. Merrill responded to the comment by Dr. Harbell regarding human testing. Dr. Merrill clarified 
that the ICCVAM draft recommendation states that if an organization or sponsor desires to more 
adequately characterize the usefulness and limitations of the LVET, ICCVAM recommends that a 
comprehensive set of substances be tested and compared with the Draize rabbit eye test results. She 
stated that there was no recommendation for human testing to be conducted, but that existing 
accidental human injury data and ethical human study data should always be considered. 

Panel Conclusions and Recommendations 

Dr. Hayes asked if the Panel was in agreement with its preliminary conclusions. The Panel voted 
unanimously to approve the recommendations as revised during the discussion with one abstention, 
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Dr. Ward, who cited a potential conflict-of-interest because of her previous consulting work for a 
company that conducts the LVET. 

Cytosensor® Microphysiometer Test Method 
Dr. Curren provided an overview of the Cytosensor Microphysiometer (CM) test method protocol. 

On behalf of NICEATM, Dr. Lipscomb reviewed the CM test method performance as detailed in the 
AMCP draft SRD. 

Dr. Merrill then presented the ICCVAM draft recommendations for the CM test method for the Panel 
to consider. 

Panel Evaluation 

Dr. Bailey (Evaluation Group Chair) presented the Evaluation Group’s responses to questions posed 
to the Panel on the validation status of the CM test method and ICCVAM draft test method 
recommendations. The Panel indicated that the test method protocol was sufficiently detailed; 
however, it was unlikely to be widely used because the CM instrument has been discontinued and a 
new instrument would require revalidation.  

The Panel recommended the use of relevant positive controls in any future validation studies and, 
because surfactants form micelles that can influence response, surfactant concentrations should be 
included. The Panel recommended that an evaluation of the different classes of surfactants (i.e., 
nonionic, anionic, cationic, and zwitterionic) be conducted to determine if restrictions should be 
imposed on use of the CM test method.  

The Panel agreed that, based on the database of surfactants and surfactant-based formulations, LVET 
data could be used to support the validity of the CM test method in the proposed AMCP testing 
strategy.  

The Panel also agreed that the additional data on the surfactants and surfactant-containing 
formulations in the ECVAM BRD provided sufficient support for the use of the CM test method as a 
screening test to identify water-soluble surfactant chemicals and certain types of surfactant-containing 
formulations (e.g., cosmetics and personal care product formulations but not pesticide formulations) 
as either severe or corrosive irritants or substances not labeled as irritants in a tiered-testing strategy, 
as part of a weight-of-evidence approach. The Panel also agreed that the intra- and interlaboratory 
reproducibility of the CM test method had been adequately evaluated, although for a limited range of 
substances as previously discussed. The Panel again noted that the instrument has been discontinued 
and is currently not supported by the manufacturer, making its use difficult. However, if the CM 
instrument were redesigned, the remanufactured instrument would require “catch-up” validation (i.e., 
not a full validation study).  

Based upon the lesions noted for one false negative substance in the EPA classification system, the 
Panel expressed concern with the ability of the CM test method to identify EPA Category IV 
substances. The Panel noted that the rabbit data indicated that this substance would be classified as a 
Category III and, therefore, may cause irritation in a human. The Panel noted that further CM studies 
are needed, in particular for EPA Categories III and IV substances.  

The Panel also expressed concern with the high false positive rate of the CM test method when 
identifying all four hazard categories.  

Public Comments 

Dr. Curren noted a correction to his presentation where he did not specifically state that the CM test 
method is limited to water-soluble substances. He questioned the need for performance standards for 
the CM test method, given that the Panel did not recommend performance standards for the BCOP 
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and ICE test methods. Dr. Curren commented that the surfactants referred to as personal care 
products are really detergents. 

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Panel Conclusions and Recommendations 

Dr. Hayes asked if the Panel was in agreement with its preliminary conclusions. The Panel voted 
unanimously to approve the recommendations as revised during the discussion. 

EpiOcular Test Method 
Dr. Curren provided an overview of the EpiOcular (EO) test method protocol. 

On behalf of NICEATM, Dr. Lipscomb reviewed the EO test method performance as detailed in the 
AMCP draft SRD. 

Dr. Merrill then presented the ICCVAM draft recommendations for the EO test method for the Panel 
to consider. 

Panel Evaluation 

Dr. Bailey (Evaluation Group Chair) presented the Evaluation Group’s responses to questions posed 
to the Panel on the validation status of the EO test method and ICCVAM draft test method 
recommendations. The Panel agreed that the EO test method protocol is adequately detailed but 
emphasized that the manufacturer should provide a “certificate of quality” for each batch of EO. The 
Panel also agreed that the critical aspects of the protocol had been justified and described in the BRD; 
however, in order to use the EO test method in a testing strategy to identify mild irritants and 
substances not labeled as irritants, positive controls that represent these hazard categories should be 
included in any future validation studies. The Panel noted that the EO test method cannot distinguish 
Category III from Category IV substances.  

The Panel commented that the performance of the EO test method had not been adequately evaluated 
and compared to the Draize test for the types of substances included in the AMCP database. The 
Panel noted that the total number of products and their distribution across hazard categories were not 
sufficient. The Panel commented that the intralaboratory variability was not adequately assessed, 
although interlaboratory variability was considered to be adequate. 

Public Comments 

Dr. Curren indicated that he felt that it was appropriate to include EO data that used a different 
protocol as a measure of test method reproducibility. 

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Panel Conclusions and Recommendations 

Dr. Hayes asked if the Panel was in agreement with its preliminary conclusions. The Panel voted 
unanimously to approve the recommendations as revised during the discussion with one abstention, 
Dr. Ward, who cited a potential conflict-of-interest because of her previous consulting work for a 
company that conducts the EO test method. 

Strategy for U.S. Environmental Protection Agency Ocular Hazard Classification and 
Labeling of Antimicrobial Cleaning Products (AMCPs) Using In Vitro Alternative Test 
Methods 
Dr. Curren provided an overview of the AMCP testing strategy. 

On behalf of NICEATM, Dr. Lipscomb reviewed the AMCP draft SRD. 
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Dr. Merrill then presented the ICCVAM draft recommendations for the AMCP testing strategies for 
the Panel to consider. 

Panel Evaluation 

Dr. Bailey (Evaluation Group Chair) presented the Evaluation Group’s responses to questions posed 
to the Panel on the validation status of the AMCP testing strategies and ICCVAM draft test method 
recommendations. The Panel also suggested adding more discussion of the cells used in the CM and 
EO test methods. 

Regarding the BCOP test method, the Panel reflected on its previous discussions of the BCOP test 
method for the total database. The Panel indicated that use of the BCOP test method in a testing 
strategy to identify severe irritants (Category I) and moderate irritants (Category II), should include 
positive controls that represent these hazard categories in any future validation studies. The Panel 
noted that histopathology evaluation, as it is proposed at this time as an additional endpoint for the 
BCOP test method, does not justify its use for hazard classification of AMCPs. However, 
histopathology evaluation may prove to be a useful endpoint and, as such, collection of 
histopathology data and further efforts to optimize its use are encouraged.  

The Panel agreed with the ICCVAM draft recommendations that there is insufficient data to support 
the testing strategy in terms of the proposed test method usefulness and limitations (i.e., the 
classification of substances in all four ocular hazard categories). There were also insufficient 
available data on which to base definitive recommendations on the proposed alternate testing strategy 
for classifying substances in all four ocular hazard categories. In discussing the validity of 
retrospective evaluations, the Panel stated that a retrospective evaluation of results could be 
considered adequate if the studies were performed with GLP compliance, coded samples, and pre-
established evaluation criteria. The Panel commented that any definitive recommendations on a 
testing strategy should be based on prospective testing of a list of reference substances in each of the 
proposed in vitro test methods.  

The Panel concurred with the ICCVAM draft recommendations in terms of the proposed test method 
standardized protocols. The Panel stated that routine fixation of tissue from the BCOP test method for 
possible histopathology evaluation should be continued. The Panel emphasized that no single in vitro 
test method alone was applicable to all types of test materials, and therefore suggested several future 
studies that could potentially expand the usefulness of AMCP test strategies.  

Finally, the Panel commented that the development of performance standards for the AMCP testing 
strategy was not currently warranted and that a new approach needed to be defined for comparing 
testing strategies. 

Public Comments 

Dr. Barroso commented that ECVAM is working on a guideline for the detection of severe irritants 
with the BCOP test method. He indicated that they see a small change in classification when the cut-
off is changed from 55 to 75. ECVAM considers 55 the best cut-off for their intended purpose. 

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Dr. Curren commented that concern regarding the limited number of AMCPs is misplaced due to the 
intended narrow applicability domain. He stated that industrial-strength cleaners are mostly severe 
irritants and that household cleaners are mostly mild irritants. Very few, if any, substances are in the 
moderate range. Dr. Curren expressed concern with the recommendation by the Panel that substances 
need to be tested by each test method in the testing strategy. He noted that histopathology evaluation 
with the BCOP test method was included in the testing strategy to provide additional safety, and 
clarified that most of the histopathology evaluation was performed by a certified veterinary 
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pathologist. He also questioned the Panel's suggested use of a transformed ocular cell line rather than 
a normal epidermal cell line. 

Dr. Hayes asked the Panel if they needed clarification from the commenter; none were requested. 

Panel Conclusions and Recommendations 

Dr. Hayes asked if the Panel was in agreement with its preliminary conclusions. The Panel voted 
unanimously to approve the recommendations as revised during the discussion with one abstention, 
Dr. Ward, who cited a potential conflict-of-interest because of her previous consulting work for a 
company that manufactures AMCPs. 

Concluding Remarks 
Dr. Hayes, on behalf of the Panel, thanked Dr. Stokes and the NICEATM staff for their continued 
assistance during the review process and Panel meeting. He also thanked Dr. Wind, ICCVAM Chair, 
and the members of ICCVAM and the OTWG for their contributions to the project. Finally, 
Dr. Hayes thanked the Panel and the Evaluation Group Chairs. 

Drs. Wind and Stokes thanked the Panel again for their hard work, thoughtful and objective 
deliberations, and advice. Dr. Stokes further thanked public attendees for their participation and the 
invited test method developers for their excellent test method summaries. Dr. Stokes concluded by 
saying he looked forward to working further with Panel members to complete the Panel report. 

Adjournment 
Dr. Hayes adjourned the Panel at 7:40 p.m., concluding the meeting. 
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Preface 

The National Toxicology Program Interagency Center for the Evaluation of Alternative 

Toxicological Methods (NICEATM) and the Interagency Coordinating Committee on the 

Validation of Alternative Methods (ICCVAM) convened an international independent 

scientific peer review panel (hereafter, Panel) meeting on May 19-21, 2009 at the U.S. 

Consumer Product Safety Commission Headquarters in Bethesda, MD. The Panel, which 

included 22 expert scientists from six countries, evaluated test methods and approaches that 

may further reduce and refine the use of animals for ocular safety testing.  

These evaluations included the following: 

• A proposal for the routine use of topical anesthetics, systemic analgesics, and 

humane endpoints to avoid and minimize pain and distress during in vivo 

ocular irritation testing 

• The use of the bovine corneal opacity and permeability (BCOP), the 

Cytosensor Microphysiometer� (CM), the isolated chicken eye, the isolated 

rabbit eye, and the hen’s egg test – chorioallantoic membrane test methods for 

identifying moderate and mild ocular irritants and substances not labeled as 

ocular irritants 

• The in vivo low volume eye test 

• Nonanimal testing strategies that use the BCOP, CM, and/or EpiOcular™ test 

methods to assess the eye irritation potential of antimicrobial cleaning 

products and determine their appropriate U.S. Environmental Protection 

Agency ocular hazard classification 

During the May 2009 public meeting, the Panel discussed each test method and approach, 

listened to public comments, and developed conclusions and recommendations for ICCVAM. 

The Panel emphasized its consideration in the following areas: (1) review of the ICCVAM 

draft background review documents (BRDs) for completeness and identification of errors or 

omissions of existing relevant data or information that should be included, (2) evaluation of 

the information in the draft summary review documents (SRDs) and BRDs to determine the 

extent to which each of the applicable ICCVAM criteria for validation and acceptance of 

toxicological test methods had been appropriately addressed, and (3) consideration of the 

ICCVAM draft test method recommendations and comment on the extent to which they are 

supported by the information provided in the draft BRDs or SRDs for the following: 
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• Proposed test method uses and limitations 

• Proposed recommended standardized protocols 

• Proposed future studies 

This report details the Panel’s independent conclusions and recommendations. ICCVAM will 

consider this report and all relevant public comments as it develops final test method 

recommendations. The ICCVAM final test method recommendations will be forwarded to 

U.S. Federal agencies for their consideration in accordance with the ICCVAM Authorization 

Act of 2000 (Public Law 106-545).  

The Panel gratefully acknowledges the efforts of NICEATM staff in coordinating the 

logistics of the Panel meeting and in preparing materials for its review. The Panel also 

appreciates the participation of Drs. Rodger Curren and Arnhild Schrage in the meeting by 

providing descriptions of several of the test method protocols being considered. Finally, as 

Panel Chair, I want to thank each Panel member for her or his thoughtful and objective 

review of these test methods and approaches. 

 

A. Wallace Hayes, Ph.D., DABT, FATS, FIBiol, FACFE, ERT 

Chair, Alternative Ocular Safety Testing Methods Peer Review Panel 

July 2009 
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Executive Summary 

This report describes the conclusions and recommendations of an international independent 

scientific peer review panel (hereafter, Panel). The Panel was charged by the Interagency 

Coordinating Committee on the Validation of Alternative Methods (ICCVAM) with 

evaluating the validation status of several proposed test methods and testing approaches. 

These include: 

• A proposal for the routine use of topical anesthetics, systemic analgesics, and 

humane endpoints to avoid or minimize pain and distress during required in 

vivo ocular irritation safety testing 

• Five individual in vitro test methods for identifying ocular irritants, including 

the bovine corneal opacity and permeability (BCOP), Cytosensor 

Microphysiometer� (CM), isolated chicken eye (ICE), isolated rabbit eye 

(IRE), and the hen’s egg test – chorioallantoic membrane (HET-CAM) test 

methods 

• The in vivo low volume eye test (LVET), proposed as an alternative to the 

current in vivo rabbit eye test 

• Nonanimal testing strategies using three in vitro test methods (the BCOP, CM, 

and EpiOcular™ [EO] test methods) to assess the eye irritation potential of 

antimicrobial cleaning products (AMCPs) for U.S. Environmental Protection 

Agency (EPA) ocular hazard classification and labeling purposes 

The Panel evaluated the validation status of each proposed test method and testing strategy 

according to established Federal and international criteria (ICCVAM 1997, OECD 2005). 

The Panel also commented on ICCVAM draft recommendations regarding the usefulness and 

limitations of each proposed test method and testing strategy. 

Use of Topical Anesthetics and Systemic Analgesics to Minimize Pain and Distress in 

Ocular Toxicity Testing 

The Panel agreed with the ICCVAM draft recommendation that topical anesthetics and 

systemic analgesics should routinely be used for in vivo ocular toxicity studies to avoid or 

minimize pain and distress. The Panel differed with the ICCVAM draft recommendation on 

the most appropriate protocol for using topical anesthetics and systemic analgesics in ocular 

toxicity testing procedures. The Panel proposed an alternative preemptive pain management 

protocol for all in vivo rabbit eye irritation tests intended for regulatory safety testing, unless 

there is a requirement for monitoring the pain response (e.g., pharmaceutical tolerability 

testing). 
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The Panel also recommended that pain assessments should be made immediately after test 

substance application and recorded daily (i.e., at least twice daily, or more often as 

necessary). 

Use of Humane Endpoints to Minimize Pain and Distress in Ocular Toxicity Testing 

The Panel concluded that, based on the available data and information, some humane 

endpoints as recommended by ICCVAM are adequate to terminate a study. The Panel 

concluded that the current and proposed humane endpoints are predictive enough of 

irreversible or severe effects (United Nations Globally Harmonized System of Classification 

and Labeling of Chemicals [GHS] Category 1, EPA Category I, European Union [EU] R41) 

that they should routinely be used as humane endpoints to terminate a study as soon as they 

are observed. However, the Panel emphasized that, while very severe endpoints (i.e., corneal 

perforation) would be adequate alone to terminate a study, determinations to terminate a 

study should typically be based on more than one endpoint. 

The Hen’s Egg Test – Chorioallantoic Membrane Test Method 

The Panel agreed with the ICCVAM draft recommendation that, based on an evaluation of 

available data and corresponding performance (e.g., overall correct classifications that ranged 

from 40% [23/58] to 41% [24/59]), the HET-CAM test method is not recommended to 

identify substances from all hazard categories as defined by the GHS (UN 2007), EPA (EPA 

2003a), and EU (EU 2001) classification systems. 

The Panel did not support the ICCVAM draft recommendation (with one minority opinion) 

that based on the available data, the HET-CAM IS(A) test method can be used as a screening 

test to identify substances as not labeled as irritants from all other hazard categories when 

results are to be used for EU or GHS hazard classifications. The Panel concluded that there 

were too few surfactants or oil/water emulsions in the mild to moderate irritant categories to 

have sufficient confidence in the ability of the test to distinguish them from the not labeled as 

irritant category. However, the Panel did identify possible sources of other existing data that 

could be analyzed, and they recommended reconsideration of the test method following 

appropriate analyses. 

One Panel member expressed a minority opinion that based on the demonstrated 

performance, HET-CAM should be recommended to screen substances not labeled as 

irritants from all other irritant categories for the restricted applicability domain (surfactant-

based formulations and oil/water emulsions) for the GHS, EU and EPA hazard classification 

systems. This Panel member also noted that, for regulatory purposes, sensitivity (the 

proportion of all positive substances that are classified as positive) is most important from a 

public health perspective and the HET-CAM performed well in this regard. 
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The Isolated Chicken Eye Test Method 

The Panel supported the draft ICCVAM recommendations that, based on an evaluation of 

available data and corresponding performance (e.g., overall correct classifications for ICE 

test method ranged from 59% [83/141] to 77% [118/153]), the ICE test method is not 

recommended to identify substances from all hazard categories as defined by GHS, EPA and 

EU classification systems. The Panel also agreed that, based on false negative substances that 

include at least one substance classified as an ocular corrosive/severe irritant based on Draize 

rabbit eye data (n = 1 each for the EPA and GHS systems, and n = 6 for the EU system), the 

ICE test method is not recommended as a screening test to identify substances not labeled as 

irritants from all other hazard categories as defined by GHS, EPA, and EU classification 

systems. 

The Isolated Rabbit Eye Test Method 

The Panel agreed with the ICCVAM draft recommendations that, based on the lack of a 

standardized protocol and insufficient data using all four recommended IRE endpoints, 

additional studies are needed before definitive recommendations on the relevance and 

reliability of the IRE test method can be made. 

The Bovine Corneal Opacity and Permeability Test Method 

The Panel supported the draft ICCVAM recommendations for the BCOP test method that, 

based on an evaluation of available data and corresponding performance (e.g., overall correct 

classifications that ranged from 49% [91/187] to 54% [101/186]), the test method is not 

recommended to identify substances from all hazard categories as defined by GHS, EPA, and 

EU classification systems. 

The Panel also concluded that the BCOP test method can be used as a screening test to 

identify substances not labeled as irritants from all other hazard categories when results are to 

be used for EU or GHS hazard classifications. However, due to the significant lesions 

associated with 50% (4/8) of the EPA Category III substances that were false negative in the 

BCOP test method, the BCOP test method cannot be recommended as a screening test to 

identify EPA Category IV substances. 

The Low Volume Eye Test 

The Panel concluded that in the absence of all existing data, including a background review 

document prepared by the European Centre for the Validation of Alternative Methods, it 

could not make definitive conclusions or recommendations on the validation status of the 

LVET. Nonetheless, the Panel did consider the limited data that are available for the LVET 

to support the use of historical LVET data as acceptable in vivo reference data on which to 

base comparisons to in vitro study results. 
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The Cytosensor Microphysiometer�� Test Method 

The Panel concluded that the available data and performance support the ICCVAM draft 

recommendations on usefulness and limitations for the CM test method. The Panel concluded 

that the CM test method can be used as a screening test to identify both ocular 

corrosive/severe irritants and substances not labeled as irritants, but this use is limited to 

water-soluble surfactant chemicals and specific types of surfactant-containing formulations 

(e.g., cosmetics and personal care products). The Panel expressed concern about the 

availability of the instrument used to conduct the CM test method.  

Antimicrobial Cleaning Products Testing Strategies 

The Panel agreed with the ICCVAM draft recommendations that there were insufficient data 

to support the use of the proposed AMCP testing strategy (i.e., using the BCOP, CM, and EO 

test methods) for classification of substances in all four EPA ocular hazard categories. The 

Panel also agreed with the ICCVAM draft recommendations that there were insufficient 

available data on which to base definitive recommendations on an alternate testing strategy 

(i.e., using the BCOP and EO test methods) for classifying substances in all four EPA ocular 

hazard categories. 

The Panel commented that the absence of data on substances tested in all three in vitro test 

methods (i.e., BCOP, CM, and EO) prevented any definitive recommendation on the AMCP 

testing strategy. In addition, the availability of only in vivo LVET data for some test 

substances complicated evaluation of in vitro test method performance. The Panel 

recommended that additional EPA-registered AMCPs representing all ocular hazard 

categories, in particular EPA Categories II and III, be examined in all tests involved in the 

proposed strategy. 

The Panel recognized that the use of histopathological evaluation as an additional endpoint 

did not improve the accuracy and predictability of the BCOP test method for the limited 

database of currently tested AMCPs. However, histopathological evaluation may eventually 

prove to be a useful endpoint, and as such collection of ocular tissue for possible histological 

evaluation, as well as further efforts to optimize the use of histopathology as an endpoint in 

BCOP, is recommended. 
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Panel Member Biosketches 

Hongshik Ahn, Ph.D. 

Dr. Ahn received a Ph.D. in statistics with a minor in computer sciences from the University 

of Wisconsin–Madison. He is a Professor in the Department of Applied Mathematics and 

Statistics at Stony Brook University in New York. He has been a Visiting Scientist at the 

National Center for Toxicological Research at the U.S. Food and Drug Administration (FDA) 

since 1997 and a Senior Biostatistician for the General Clinical Research Center at Stony 

Brook since 2005. His research interests include tree-structured regression and classification, 

survival analysis, bioinformatics, generalized linear model, animal carcinogenicity studies, 

toxicology, and risk assessment. Dr. Ahn is Associate Editor for Communications in 

Statistics and a member of the International Biometric Society (Eastern North American 

Region) and the American Statistical Association. He is a referee for 18 statistical journals 

including Journal of the American Statistical Association, Biometrics, Statistics in Medicine, 

and Risk Assessment. In 2005, Dr. Ahn participated in the National Institutes of Health (NIH) 

Biostatistical Methods and Research Design Study Section. He has published three book 

chapters, 48 peer-reviewed publications, 21 proceedings, and has received 11 special 

invitations to serve as conference session chair or invited speaker. 

Paul T. Bailey, Ph.D. 

Dr. Bailey received his Ph.D. in psychopharmacology from Howard University. He is 

currently a consultant for Bailey & Associates Consulting in Neshanic Station, New Jersey. 

Dr. Bailey also has served as a toxicology consultant with expertise in clinical research; 

quality assurance (Good Laboratory Practice [GLP] and Good Clinical Practice); chemical 

exposure and health hazard and/or risk assessment; product liability; technical expertise; 

regulatory toxicology related to chemicals, petroleum products, cosmetics, personal health 

care, medical device, and household product industries; strategic planning and management 

of product safety evaluation and toxicological research programs that are needed to meet 

industry and regulatory requirements. Dr. Bailey is a former Senior Research Associate at 

Mobil Oil Corporation with expertise in the development and use of in vitro methods to 

assess the potential eye and skin irritation or sensitization potential of petroleum products 

and in the validation of alternative methods. At Proctor & Gamble, he was a Divisional 

Toxicologist (Group Leader) and supervised the dermal toxicology laboratory that focused 

on development of protocols and in-house or contract laboratory testing to assess the 

toxicology of potential personal care products. Dr. Bailey has served on numerous 

government scientific advisory panels (Federal Insecticide, Fungicide and Rodenticide Act 

[FIFRA], National Institute of Environmental Health Sciences, National Toxicology Program 
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[NTP]) and trade organizations (e.g., The Cosmetic, Toiletry and Fragrance Association, 

Chemical Manufacturer’s Association). He was a member of the Interagency Coordinating 

Committee on the Validation of Alternative Methods (ICCVAM) Immunotoxicology 

Working Group and served on the Editorial Board of the Journal of the Dermal Clinical 

Evaluation Society. Dr. Bailey has contributed to 45 publications or meeting abstracts. 

Richard Dubielzig, D.V.M. 

Dr. Dubielzig received his Ph.D. from the University of Minnesota. Dr. Dubielzig is 

currently Professor of Pathology in the School of Veterinary Medicine at the University of 

Wisconsin–Madison. His primary research interests are comparative dental pathology and 

comparative ophthalmic pathology. Dr. Dubielzig is an honorary Diplomate of the American 

College of Veterinary Ophthalmologists (ACVO). He has trained over 40 postdoctoral 

residency or clinical instructor candidates in pathology or ophthalmology. Dr. Dubielzig is a 

member of the Central Committee of the Comparative Ophthalmic Research Laboratories, a 

collaborative research team that provides clinical, pathology, and basic science support to 

industry in the development of ocular compounds and evaluation of ocular toxicity. 

Dr. Dubielzig is a member of numerous professional and scientific organizations including 

the American Veterinary Medical Association, the American College of Veterinary 

Pathologists, the Association for Research in Vision and Ophthalmology, the Society of 

Toxicologic Pathologists, the International Society of Ocular Toxicology, and the 

International Society of Veterinary Ophthalmology. Dr. Dubielzig has authored or 

coauthored over 198 articles in peer-reviewed journals, 17 book chapters, and 259 abstracts. 

He has been invited to give 119 lectures. 

Henry F. Edelhauser, Ph.D. 

Dr. Edelhauser obtained his Ph.D. in physiology from Michigan State University. He is a 

Professor of Ophthalmology, Director of Ophthalmic Research, and Adjunct Professor of 

Biology at Emory University. Dr. Edelhauser is the Program Director of the National Eye 

Institute Research Training Grant “Multidisciplinary Training in Vision Research” at Emory 

University. His major research interests include physiological mechanisms of corneal 

transparency; role of sulfhydryls on corneal endothelial function; corneal permeability and 

cellular toxicity of intraocular irrigating solutions, drugs, and enzymes; the physiological 

effects of vitrectomy on ocular tissues; dynamics of intraocular fluids, ocular toxicology, 

corneal extracellular matrix, corneal endothelial physiology; corneal effects of eicosanoids 

and other lipid mediators; schlera permeability; and cellular mechanisms of ocular 

inflammation. He has served as chair of the Cornea Section of the Association for Research 

in Vision and Ophthalmology; chaired or participated in several National Eye Institute or 
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other NIH Study Sections, workshops, and Special Emphasis Panels; and serves on various 

editorial boards for eye research journals. Dr. Edelhauser has authored or coauthored 

292 publications in peer-reviewed journals, contributed to 51 books or book chapters and 

four audiotapes, and given 29 lectures or invited talks as a visiting professor. In 2005, 

Dr. Edelhauser was an active participant on the NTP Interagency Center for the Evaluation of 

Alternative Toxicological Methods (NICEATM)-ICCVAM Expert Panel to review the 

current validation status of four in vitro test methods for identifying ocular corrosives and 

severe irritants. 

Mark Evans, D.V.M., Ph.D., DACVP 

Dr. Evans received his D.V.M. and Ph.D. degrees from Michigan State University. He is the 

Pathology Lead for Ophthalmology Therapeutic Area in Drug Safety Research and 

Development at Pfizer Global Research and Development in La Jolla, California. Dr. Evans 

is on the Adjunct Clinical Faculty in the Department of Pathology, College of Veterinary 

Medicine at Michigan State University and serves as the point of contact for the Michigan 

State University/Pfizer cosponsored residency program. He is chair of the Corporate Partners 

Subcommittee of the American College of Veterinary Pathologists. He has 27 journal 

publications and 38 abstracts. He is a Diplomate of the American College of Veterinary 

Pathologists, the Society of Toxicologic Pathologists, the United States and Canadian 

Academy of Pathology, and the American Veterinary Medical Association. 

A. Wallace Hayes, Ph.D., DABT, FATS, ERT 

Dr. Hayes received his Ph.D. in biochemistry from Auburn University. He is a Principal 

Advisor for Spherix Incorporated in Bethesda, Maryland. Dr. Hayes is also a Research 

Professor in the Department of Pharmacology and Toxicology at the Medical College of 

Virginia in Richmond and an Adjunct Professor in the School of Veterinary Medicine at the 

Virginia Polytechnical Institute in Blacksburg, Virginia; the Department of Physiology and 

Pharmacology at Wake Forest University in Winston-Salem, North Carolina; and the 

Department of Pharmacology and Toxicology at the University of Louisville School of 

Medicine. Dr. Hayes is a Diplomate of the American Board of Toxicology, a registered 

regulatory toxicologist (ERT) for EUROTOX, and a Fellow of the American Toxicological 

Society in addition to being a member of a number of professional specialty boards. He holds 

a variety of editorial posts for journals including Cutaneous and Ocular Toxicology, 

Toxicology and Applied Pharmacology, Regulatory Toxicology and Pharmacology, and 

Food and Chemical Toxicology. Dr. Hayes has served on many advisory and expert panels 

for U.S. and international regulatory interests, including NICEATM-ICCVAM, and for risk 

assessment, health and safety, or toxicological interests. He has served on various task groups 
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and scientific advisory boards. He is a reviewer for 28 journals. He is a course director for 

Principles of Toxicology at the Harvard School of Public Health. Dr. Hayes has authored or 

coauthored 200 publications in peer-reviewed journals, 11 books, 73 invited presentations, 

nearly 100 invited seminars, and 152 abstracts presented at scientific meetings. Dr. Hayes is 

a member of numerous professional societies including the Society of Toxicology, the 

International Society of Regulatory Toxicology and Pharmacology, the American Society of 

Pharmacology and Experimental Therapeutics, the American College of Toxicology, and the 

American Society of Quality Control. 

James V. Jester, Ph.D. 

Dr. Jester received his Ph.D. in the Department of Pathology at the University of Southern 

California Medical Center in Los Angeles. Dr. Jester is a Professor of Ophthalmology and 

Biomedical Engineering at the University of California, Irvine, where he is the Jack H. 

Skirball Endowed Chair. Dr. Jester is a recognized international leader in the cell biology of 

corneal wound healing, a research field on which he has had a major impact. Dr. Jester is a 

member of numerous review boards for ocular pathology and eye irritation. He is an ad hoc 

reviewer for the National Eye Institute (NEI) VISA 1 (Vision Sciences A) and Small 

Business Innovation Research Study Sections and a reviewer on the Anterior Eye Disease 

Study Panel of the NEI. He has participated in numerous ocular workshops and symposia 

including the ICCVAM Ocular Symposia on Ocular Mechanisms held at the NIH in 

Bethesda, Maryland, in 2005 and the European Cosmetic, Toiletry and Perfumery 

Association workshop on Eye Irritation Alternatives held in Brussels in 2008. Dr. Jester 

participates on the editorial boards of eight ocular journals including Investigative 

Ophthalmology & Visual Science, Experimental Eye Research, Cutaneous and Ocular 

Toxicology, Cornea, and Current Eye Research. He also serves on various program-planning 

committees for ocular research and biology. Dr. Jester is a member of the American 

Association for the Advancement of Science, the New York Academy of Science, the 

Association for Research in Vision and Ophthalmology, the American Society for Cell 

Biology, the International Congress on Eye Research, and the International Society for 

Ocular Cell Biology. Dr. Jester has published 202 peer-reviewed manuscripts, 14 nonrefereed 

publications, 223 abstracts, and 45 invited presentations. 

Tadashi Kosaka, D.V.M., Ph.D. 

Dr. Kosaka received his D.V.M. and Ph.D. degrees from the School of Veterinary Medicine 

at the Nippon Veterinary and Animal Science University. He is Associate Director and Chief 

of the Laboratory of Immunotoxicology and Acute Toxicology in the Toxicology Division in 

The Institute of Environmental Toxicology in Ibaraki, Japan. His research, which covers the 
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areas of immunotoxicology and acute toxicology, is represented in 24 publications in peer-

reviewed journals. Dr. Kosaka is a member of the Japanese Association for Laboratory 

Animal Science, the Japanese Society of Toxicology, the Japanese Society of 

Immunotoxicology, and the Japanese Society of Alternatives to Animal Experiments. 

Alison McLaughlin, MSc., DABT 

Ms. McLaughlin received her Master’s Degree in biology from Queen’s University in 

Kingston, Ontario, Canada. A Diplomate of the American Board of Toxicology (2004), 

Ms. McLaughlin is a Senior Science Policy Analyst for the Environmental Impact Initiative 

in the Office of Science and Risk Management, Health Products and Food Branch of Health 

Canada in Ontario. Ms. McLaughlin was formerly a Toxicologist/Senior Evaluator and 

Acting Section Head in the New Substance Assessment and Control Bureau on Notifications 

for Food and Drug Products. In this capacity, she developed experience and interest in 

alternative test methods such as the hen’s egg test – chorioallantoic membrane and the bovine 

corneal opacity and permeability test methods. Ms. McLaughlin served as an editor for the 

Parliament of Canada on the House of Commons Standing Committee on Environment and 

Sustainable Development to produce a year 2000 report on pesticides that included 

information on human health impacts, environmental impacts, and contaminants in the 

traditional diet of northern communities. Ms. McLaughlin has 17 publications, including 

results of several Canadian government-sponsored environmental impact studies. 

J. Lynn Palmer, Ph.D. 

Dr. Palmer received her Ph.D. in biometrics from the University of Texas Health Science 

Center, Houston. Dr. Palmer has a joint appointment as Associate Professor (Tenured) in the 

Department of Palliative Care and Rehabilitation Medicine–Research, Division of Cancer 

Medicine and Associate Professor of Biostatistics in the Department of Biostatistics and 

Applied Mathematics at the University of Texas M.D. Anderson Cancer Center. Dr. Palmer 

is a member of numerous professional and scientific organizations. These include the 

American Statistical Association, of which she served as a chair, a member of numerous 

committees, and as president of the local Houston chapter. She is also a member of the 

International Biometrics Society, the Royal Statistical Society, the International Society for 

Bayesian Analysis, the International Association of Hospice & Palliative Care, and the 

American Society of Clinical Oncology. Dr. Palmer has authored or coauthored 139 articles 

in peer-reviewed journals, plus seven additional publications (reviews, letters to editors, etc.) 

and five book chapters. Dr. Palmer has organized or chaired nine symposia or conferences 

and presented at 38 national and international scientific conferences. 
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Robert L. Peiffer, Jr., D.V.M., Ph.D., DACVO 

Dr. Peiffer received a D.V.M. degree and a Ph.D. in comparative ophthalmology from the 

University of Minnesota, St. Paul. He is a Senior Investigator at the Merck Research 

Laboratories, Adjunct Professor of Ophthalmology at the Scheie Eye Institute at the 

University of Pennsylvania, Emeritus Professor of Ophthalmology and Pathology at the 

University of North Carolina in Chapel Hill, and Director of Bucks County Animal 

Ophthalmology. He has been a consultant in ophthalmology and comparative ophthalmic 

toxicology for several major pharmaceutical and eye care companies, medical schools, and 

zoological parks and animal preserves. Dr. Peiffer is on the review boards of 16 journals and 

is a contributing editor for several others. He has served on several committees for the 

National Academy of Sciences, the National Institutes of Health, a FIFRA Scientific 

Advisory Panel, and an ICCVAM Expert Panel (2005). Dr. Peiffer has published 152 articles 

in refereed journals, with three more in submission; 70 articles in nonrefereed journals; 

9 book reviews; nearly 160 papers and presentations at scientific meetings; and numerous 

visiting professorships and lectureships in the U.S. and around the world. Dr. Peiffer is a 

member of the American Academy of Ophthalmology, the American Society of Veterinary 

Ophthalmology, the International Society of Ophthalmology, the International Society of 

Ocular Toxicology, and the International Society of Ophthalmic Pathology, among others. 

Denise Rodeheaver, Ph.D., DABT 

Dr. Rodeheaver received her Ph.D. in toxicology from the University of Georgia. She is 

currently Director of the Toxicology Department at Alcon Research, Ltd., in Fort Worth, 

Texas. Dr. Rodeheaver is responsible for the qualitative and quantitative achievements of 

Consumer Products Toxicology and In Vitro Toxicology, and oversight of Toxicology 

Compliance. Dr. Rodeheaver has experience in acute, subchronic, and chronic toxicity 

evaluations (e.g., ocular and systemic toxicity, genotoxicity, sensitization) conducted in-

house or at contract research organizations. She is Diplomate of the American Board of 

Toxicology, a member of the Society of Toxicology, and Sigma Xi. Dr. Rodeheaver is 

currently a board member for the International Society of Ocular Toxicology. Dr. 

Rodeheaver has 13 publications in peer-reviewed journals, 13 abstracts or posters presented 

at scientific meetings, and 18 presentations at scientific meetings including the International 

Society of Ocular Toxicology Congress and the Association for Research in Vision and 

Ophthalmology annual meeting. 

Donald C. Sawyer, D.V.M., Ph.D., DACVA, HDABVP 

Dr. Sawyer received a Doctorate in Veterinary Medicine from Michigan State University and 

a Ph.D. in anesthesia and surgery at the Surgery Laboratory Advanced Degree Program at 
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Colorado State University. He is a member of the Scientific Advisory Board and a Manager 

of Veterinary Development for Minrad International. Dr. Sawyer was a Captain in the U.S. 

Air Force serving as a support surgeon at the School of Aerospace Medicine. Dr. Sawyer is 

Professor Emeritus in the College of Veterinary Medicine at Michigan State University. He 

served on the faculty of Michigan State University as Professor of Anesthesia, Coordinator of 

Lifelong Education and Alumni Affairs, and researcher on anesthesiology and pain 

assessment in cats and dogs. He is a founding member of the American College of Veterinary 

Anesthesiologists and cofounder of the American Board of Veterinary Practitioners. 

Dr. Sawyer is a council member and Secretary/Treasurer of the World Congress of 

Veterinary Anaesthesiology. He has been elected to two six year terms as a member of the 

American Veterinary Medical Association Council on Biologic and Therapeutic Agents and 

served as chair for 3 years. Dr. Sawyer has published nine books/monographs, two textbooks, 

22 chapters, 68 scientific articles, and 94 abstracts/proceedings. He has had 210 invited 

papers and presentations. 

Kirk Tarlo, Ph.D., DABT 

Dr. Tarlo received a Ph.D. from the Rackham Graduate School at the University of 

Michigan. He is Scientific Director, Comparative Biology and Safety Sciences, at Amgen, 

Inc., in Thousand Oaks, California. Dr. Tarlo is former Scientific Director, Toxicology, at 

Allergan, Inc., in Irvine, California. His research interests include toxicology, in vitro 

cytotoxicity, safety evaluation, genetic toxicology, and regulatory issues relating to 

investigational new drugs and new drug applications. Dr. Tarlo has 11 publications in 

refereed journals and has given 18 presentations at professional/scientific meetings. He is a 

Diplomate of the American Board of Toxicology and a member of the Environmental 

Mutagen Society, the Society of Toxicology, and the Southern California Society of 

Toxicology. 

Daryl Thake, D.V.M., DACVP 

Dr. Thake received a D.V.M. from Iowa State University in Ames, Iowa. He is board 

certified by the American College of Veterinary Pathologists. Dr. Thake is the president and 

owner of Midwest ToxPath Science, Inc., and was a principal and co-owner of Seventh Wave 

Pathology and Biotechnical Solutions in Chesterfield, Missouri. Dr. Thake held numerous 

leadership roles in toxicology and pathology at Pharmacia and its legacy companies, Searle 

and Monsanto. He was a Senior Science Fellow and Global Head of Pathology Sciences at 

Pharmacia Corporation in St. Louis, Missouri, where he was responsible for the in-house and 

CRO pathology functions across five sites in the U.S. and Europe. As the Head of 

Carcinogenicity Assessment, Global Pathology Sciences, Dr. Thake developed experience in 
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pathology laboratory techniques including immunohistochemistry, in situ hybridization, laser 

capture microscopy, and imaging. As a consulting pathologist, his work involves gross and 

microscopic pathology evaluation of preclinical toxicology studies in support of drug 

discovery and development. He is also involved in the design and conduct of studies for 

management of toxicology issues in response to regulatory agency concerns with target 

products. He has been particularly involved in peer reviews to identify and resolve pathology 

issues and/or problems. Dr. Thake is a member of the Society of Toxicologic Pathologists, 

American College of Veterinary Pathologists, and the American Veterinary Medical 

Association. He serves on the editorial board of the American Journal of Veterinary 

Pathology. He is past chairman of the Scientific and Regulatory Policy Committee, Society 

of Toxicologic Pathologists, and past chairman and current member of the Government 

Policy Committee of the American College of Veterinary Pathologists. Dr. Thake has 

23 publications in peer-reviewed journals. 

Scheffer Chuei-Goong Tseng, M.D., Ph.D. 

Dr. Tseng received his M.D. degree from the National Taiwan University Medical School 

and his Ph.D. degree in experimental pathology from the Department of Pathology, 

University of California, San Francisco, Medical Center. He was board certified by the 

American Board of Ophthalmology. Dr. Tseng is Director of the Ocular Surface Center; 

Research Director of the Ocular Surface Research & Education Foundation; Medical 

Director and Consultant for Bio-Tissue, Inc.; Director of Research and Development of 

TissueTech, Inc.; and a Board Director for MedNet, Inc. He is an adjunct investigator in the 

Division of Medical Engineering at the National Health Research Institute in Taiwan and has 

served on various NIH committees as an ad hoc member. His research interests include 

ocular surface biochemistry and biology, reconstruction and surgical procedures for limbal 

epithelial stem cell transplantation for total limbal deficiency. Dr. Tseng has published 

30 books, 193 peer-reviewed journal manuscripts, and a large body of other works, 

publications, abstracts, and presentations. Dr. Tseng also has six invention disclosures and 

holds 12 U.S. or Taiwanese patents or provisional patents. He serves as a reviewer for 

28 journals including Ophthalmology, American Journal of Ophthalmology, The Lancet, New 

England Journal of Medicine, Journal of Refractive Surgery, and Gene. He serves on the 

editorial board of six journals including Ocular Surface, Cornea, and Investigative 

Ophthalmology Visual Sciences. Dr. Tseng is a member of 19 professional societies 

including the American Medical Association, Association for Research in Vision and 

Ophthalmology, and the American Academy of Ophthalmology. 
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Jan van der Valk, Ph.D. 

Dr. van der Valk received a Ph.D. from the Australian National University in Canberra. He is 

a Senior Scientist at the Netherlands Centre for Alternatives to Animal Use  in the 

Department for Animals, Science & Society of the Faculty of Veterinary Medicine at Utrecht 

University. Dr. van der Valk is the Dutch representative on the European Centre for the 

Validation of Alternative Methods (ECVAM) Scientific Advisory Committee (ESAC). He 

has served on several other committees involved in evaluation and review of alternative 

toxicological methods including the ESAC Shadow Review Panel (chair) of the Joint 

ICCVAM/ECVAM validation study on organotypic assays, INVITTOX (2004, 2006), the 

Congress on Alternatives held at the University of Linz, Austria (2006, 2008), and the 

European Society of Toxicology In Vitro (ESTIV; 2008). Dr. van der Valk also serves as 

Secretary of ESTIV and of INVITROM (Dutch-Belgian Society for In Vitro Methods). Dr. 

van der Valk was a board member of ecopa (European consensus-platform for alternatives). 

Phillipe A. Vanparys, Ph.D 

Dr. Vanparys received his Ph.D. with Greatest Distinction from the Catholic University of 

Louvain in Belgium. He is the Managing Director of the Centre for Advanced Research & 

Development on Alternative Methods (CARDAM) in Mol, Belgium. He was formerly a 

Senior Research Fellow and Head of Genetic and In Vitro Toxicology at Johnson and 

Johnson Pharmaceutical Research & Development (J&J) in Beerse, Belgium. Dr. Vanparys 

was a representative for J&J (Beerse) on the J&J Research & Development Committee for In 

Vitro Alternatives. He was also an Industrial Representative in the Belgian Platform for 

Alternative Methods and serves as a representative for the pharmaceutical industry in the 

Structure Working Group and Technical Working Group of the Foundation for Alternatives 

to Animal Testing. Dr. Vanparys also serves as a nominated test method expert on the 

Genotoxicity/Mutagenicity and the Eye Irritation subgroups for ECVAM to establish 

timetables for phasing out animal testing as required by the 7
th

 Amendment to the Cosmetics 

Directive (2003/15/EC). Dr. Vanparys serves as Chairman of the Expert Group on Cell 

Transformation testing and as a member of the Expert group on in vitro micronucleus testing 

and the Carcinogenicity Taskforce at ECVAM. He is the Belgian representative in the 

Organisation for Economic Co-operation and Development Task Force on the application of 

GLP principles to in vivo studies. He also served on an ICCVAM Expert Panel for Ocular 

Corrosives. Dr. Vanparys holds numerous professional memberships including the European 

and Belgian Environmental Mutagen Societies, member of and auditor for the Belgian and 

European Toxicology Societies, the European Society of Toxicology In Vitro, the 

Environmental Mutagen Society, and the In Vitro Testing Industrial Platform. Dr. Vanparys 

has 44 publications, with three in preparation, and three international reports. He has also 
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contributed to several hundred confidential internal reports, reviews, and expert reports for 

Janssen Research Foundation and J&J Research and Development. 

Maria Pilar Vinardell, Ph.D. 

Dr. Vinardell is currently Director of the Department of Physiology and Professor of 

Physiology and Physiopathology in the Faculty of Pharmacy at the University of Barcelona. 

Dr. Vinardell teaches in vitro toxicology courses in various Latin American countries 

including Argentina, Cuba, Chile, and Brazil. A registered toxicologist (Spain and 

EUROTOX), Dr. Vinardell is responsible for the research group “Interaction of surfactants 

and cell membranes.” She was responsible for and has conducted more than 500 in vitro and 

in vivo studies on preclinical toxicology for cosmetic, pharmaceutical, veterinary, and 

chemical industries since 1978. These studies include skin and eye irritation, acute toxicity, 

subacute toxicity, subchronic toxicity, sensitization, pyrogens, intramuscular irritation, 

assessment of analgesic and anti-inflammatory activities, histology, and interleukin 

determinations. Dr. Vinardell has experience in writing standard operating procedures for 

risk assessment. She is actively involved in research in alternatives to eye and skin irritation 

and to the rabbit pyrogen test. She has collaborated with and provided draft scientific reports 

to ECVAM and other research centers. Dr. Vinardell is a peer reviewer for 17 journals and 

has provided public comment and submitted material on several ICCVAM-related activities. 

She has given over 100 presentations or invited lectures at national and international 

congresses. Dr. Vinardell has 90 publications in peer-reviewed journals, 12 review articles, 

6 book or educational publications, and 12 books by invitation. 

Sherry Ward, Ph.D., MBA 

Dr. Ward received her Ph.D. in biochemistry from Michigan State University, an MBA from 

the University of Maryland University College (UMUC), and an executive M.S. in 

Technology Management from UMUC. She currently consults for BioTred Solutions in New 

Market, Maryland. Dr. Ward has expertise in in vitro toxicology, scientific/technical/business 

writing and communication, research and project management, grant proposal review, and 

grant writing. She also has experience in market research, commercialization, and strategy 

development and is a contributing editor to AltTox. Dr. Ward is an adjunct faculty member 

in Biotechnology & Project Management at UMUC. She has animal welfare experience. As a 

Staff Scientist and In Vitro Toxicology Laboratory Manager at the Gillette Company, she 

developed, characterized, and drafted patent applications for the first human conjunctival 

epithelial cell lines and gained experience in bioassay development and validation. Dr. Ward 

has served on numerous scientific panels and committees and was a panel member and 

presenter at the ICCVAM symposia on mechanisms of ocular injury and recovery and 

minimizing pain and distress in ocular toxicity testing held at NIH in 2005. She has been 
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actively involved with trade organizations and served on the European Cosmetic, Toiletry 

and Perfumery Association Eye Irritation Task Force and the International Life Sciences 

Institute–Health and Environmental Sciences Institute Alternatives to Animals Task Force. 

Dr. Ward’s experience in models of eye irritation and mechanisms of injury is reflected in 19 

publications in peer-reviewed journals, four unpublished validation or prevalidation 

documents related to ICCVAM activities, 17 presentations, 28 abstracts, and a patent. She is 

a member of the Hopkins Medical and Surgical Association and the Washington Academy of 

Sciences. 

Daniel M. Wilson, Ph.D., DABT 

Dr. Wilson received his Ph.D. in biochemistry/toxicology from Michigan State University. 

He is currently a Mammalian Toxicology Consultant in Toxicology for Environmental 

Research and Consulting at the Dow Chemical Company in Midland, Michigan. Dr. Wilson 

is a board-certified toxicologist with expertise in mammalian toxicology, genetic toxicology, 

genetic polymorphisms, in vitro alternatives, biochemistry, nutritional biochemistry, FDA-

regulated food-contact toxicology, and medical device toxicology. He has technical 

experience in risk assessment for Dow operations and products, for risks associated with 

intermediates used for contract pharmaceutical formulations, and for characterization of 

health risks to workers and consumers. Dr. Wilson also has responsibility for the 

identification and facilitation of testing for particular products and assesses data requirements 

for setting appropriate occupational exposure and manufacturing limits. Dr. Wilson provides 

expert business assistance in the area of environmental health and safety to Dow businesses, 

toxicological review of the chemistry and products within the business, and international 

registration activity. He participates in trade associations relevant to business activities and is 

an active member of the Animal Welfare Opportunity Team. Dr. Wilson has published 

18 articles in peer-reviewed journals, 1 book chapter, and 30 abstracts. He is a Diplomate of 

the American Board of Toxicology. Dr. Wilson is a member of the Society of Toxicology 

and past president and Secretary of the Midwest Regional Chapter. He was a member of the 

2006 NICEATM-ICCVAM Expert Review Panel for Alternatives to Acute Toxicity Testing 

and served on several animal welfare, ISO standardization, biosafety, and radiation safety 

committees. 

Fu-Shin Yu, Ph.D. 

Dr. Yu received his Ph.D. from Wayne State University. Dr. Yu is currently Professor and 

Director of Research at the Kreske Eye Institute in the Department of Ophthalmology, 

Department of Anatomy and Cell Biology at the Wayne State University School of Medicine. 

He was an Associate Professor at the Schepens Eye Institute at Harvard University. Dr. Yu is 
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a member of the Association for Research in Vision and Ophthalmology. He serves as a 

reviewer for four ocular research journals and for 10 other journals or organizations (e.g., the 

Wellcome Trust). Dr. Yu currently receives funding for studies on the molecular regulation 

of corneal wound healing, modulation of epithelial barrier function during corneal infection, 

and mechanisms of flagellin-induced protection against bacterial keratitis. Dr. Yu has 

published 59 articles in peer-reviewed journals and three book chapters or review articles; he 

was an invited speaker or presenter at 17 seminars or ocular research meetings. A participant 

on state and local boards and committees, Dr. Yu is also an editorial board member of the 

Journal of Toxicology–Cutaneous and Ocular Toxicology and a member of the National 

Scientific Advisory Council and the American Federation for Aging Research. 
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DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

National Institutes of Health 

National Toxicology Program; National 
Toxicology Program (NTP) Interagency 
Center for the Evaluation of Alternative 
Toxicological Methods (NICEATM); 
Request for Data on Non-Animal 
Methods and Approaches for 
Determining Skin and Eye Irritation 
Potential of Antimicrobial Cleaning 
Product Formulations; Request for 
Nominations for an Independent 
Expert Panel 

AGENCY: National Institute of 
Environmental Health Sciences 
(NIEHS), National Institutes of Health 
(NIH). 
ACTION: Request for data and nomination 
of panelists. 

SUMMARY: The Interagency Coordinating 
Committee on the Validation of 
Alternative Methods (ICCVAM) and 
NICEATM are requesting the 
submission of data that would assist in 
evaluating the validation status of non-
animal methods and approaches used 
for determining the skin and eye 
irritation potential of antimicrobial 
cleaning product formulations to meet 
regulatory hazard classification and 
labeling purposes. Additionally, 
NICEATM is also requesting the 
nomination of scientists for 
consideration as potential members of 
an independent scientific expert panel 
(‘‘Panel’’) to evaluate the proposed 
methods and approaches. The ICCVAM 
will consider the conclusions and 
recommendations from the Panel in 
developing its recommendations on the 
validation status of these methods. 

DATES: Nominations and data should be 
received by noon on May 5, 2005. 
ADDRESSES: Nominations and data 
should be sent by mail, fax, or email to 
Dr. William S. Stokes, Director of 
NICEATM at NICEATM, NIEHS, P.O. 
Box 12233, MD EC–17, Research 
Triangle Park, NC, 27709, (phone) 919– 
541–2384, (fax) 919–541–0947, (e-mail) 
niceatm@niehs.nih.gov. Courier address: 
NICEATM, 79 T.W. Alexander Drive, 
Building 4401, Room 3128, Research 
Triangle Park, NC 27709. 
FOR FURTHER INFORMATION CONTACT: Dr. 
William S. Stokes, Director of 

NICEATM, (phone) 919–541–2384, (fax) 
919–541–0947, (email) 
niceatm@niehs.nih.gov. 

SUPPLEMENTARY INFORMATION: 

Background 

In June 2004, the Environmental 
Protection Agency (EPA) asked ICCVAM 
to evaluate the validation status of 
proposed non-animal approaches for 
determining the skin and eye irritation 
potential of antimicrobial cleaning 
product formulations for meeting 
regulatory hazard classification and 
labeling requirements. ICCVAM 
considered the EPA’s request and 
recommended that the evaluation of 
these non-animal approaches proceed as 
a high priority. ICCVAM agreed to work 
with the EPA and representatives of its 
Pesticide Program Dialogue Committee 
(PPDC) to help assure that the 
submission provided to ICCVAM 
contains all relevant information, data, 
and appropriate analyses as described in 
the ‘‘ICCVAM Guidelines for the 
Nomination and Submission of New, 
Revised, and Alternative Test Methods’’ 
(NIH publication 03–4508). The 
NICEATM on behalf of ICCVAM plans 
to convene an independent scientific 
expert panel to review the submission, 
develop conclusions on the validation 
status of these methods, and make 
recommendations about the usefulness 
and limitations of these methods for 
their intended purpose. The date for the 
expert panel meeting has not been 
determined but will be announced in a 
future Federal Register notice. 

Request for Data 

Data, the nomination of experts, and 
other information submitted in response 
to this notice should be sent to 
NICEATM at the address given above. 
Data received by the deadline will be 
made available on the ICCVAM/ 
NICEATM Web site at http:// 
iccvam.niehs.nih.gov and considered by 
the Panel and ICCVAM. 

When submitting data or information 
on protocols, please reference this 
Federal Register notice and provide 
appropriate contact information (name, 
affiliation, mailing address, phone, fax, 
e-mail, and sponsoring organization, as 
applicable). NICEATM prefers the 
submission of raw untransformed data 
in addition to any summary data 
including the submission of copies of 
pages from applicable study notebooks 
and/or study reports, if available. In vivo 
and in vitro data for each substance are 
preferred. Post-marketing surveillance 
data, ethical human studies, and 
accidental exposure reports also are 
sought when available and applicable. 

Each submission for a chemical or 
product should preferably include the 
following information when available: 

• Common and trade name. 
• Chemical Abstracts Service Registry 

Number (CASRN) for each ingredient of 
a formulation, and the percent 
composition of each ingredient. 

• Chemical structure. 
• Chemical class. 
• Product class. 
• Commercial source. 
• Test protocol used for either in vivo 

or in vitro testing. 
• The extent to which the study 

complies with national/international 
Good Laboratory Practice (GLP) 
guidelines. 

• Date and testing organization. 

Request for the Nomination of 
Scientists for the Expert Panel 

NICEATM invites the nomination of 
scientists with relevant knowledge and 
experience that can serve on the Panel 
to evaluate in vitro dermal and ocular 
toxicity test methods. Areas of relevant 
expertise include, but are not limited to: 
human and animal dermatotoxicology/ 
ophthalmology with an emphasis on 
evaluation and treatment of chemical 
injuries, in vivo dermal/ocular toxicity 
testing, in vitro dermal/ocular 
toxicology, test method validation, and 
biostatistics. Each nomination should 
include the person’s name, affiliation, 
contact information (i.e., mailing 
address, e-mail address, telephone and 
fax numbers), a brief summary of 
relevant experience and qualifications, 
and curriculum vitae, if possible. 
NICEATM and ICCVAM will also 
consider nominations previously 
submitted in response to a request for 
scientific experts for the evaluation of in 
vitro ocular test methods (Federal 
Register, Vol. 69, No. 57, pp. 13859– 
13861, March 24, 2004, available at 
http://iccvam.niehs.nih.gov/) and do not 
need to be resubmitted. 

Background Information on ICCVAM 
and NICEATM 

ICCVAM is an interagency committee 
composed of representatives from 15 
Federal regulatory and research agencies 
that use or generate toxicological 
information. ICCVAM conducts 
technical evaluations of new, revised, 
and alternative methods with regulatory 
applicability and promotes the scientific 
validation and regulatory acceptance of 
toxicological test methods that more 
accurately assess the safety and hazards 
of chemicals and products and that 
refine, reduce, or replace animal use. 
The ICCVAM Authorization Act of 2000 
(Pub. L. 106–545, available at http:// 
iccvam.niehs.nih.gov/about/ 
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PL106545.htm) establishes ICCVAM as a 
permanent interagency committee of the 
NIEHS under the NICEATM. NICEATM 
administers the ICCVAM and provides 
scientific and operational support for 
ICCVAM-related activities. NICEATM 
and ICCVAM work collaboratively to 
evaluate new and improved test 
methods applicable to the needs of 
Federal agencies. Additional 
information about ICCVAM and 
NICEATM can be found at the following 
Web site: http://iccvam.niehs.nih.gov. 

Dated: March 9, 2005. 

Samuel Wilson, 

Deputy Director, National Institute of 
Environmental Health Sciences. 

[FR Doc. 05–5471 Filed 3–18–05; 8:45 am] 

BILLING CODE 4140–01–P 
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DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

National Toxicology Program (NTP), 
NTP Interagency Center for the 
Evaluation of Alternative Toxicological 
Methods (NICEATM); Request for Data 
on the Use of Topical Anesthetics and 
Systemic Analgesics for In Vivo Eye 
Irritation Testing 

AGENCY: National Institute of 
Environmental Health Sciences 
(NIEHS), National Institutes of Health 
(NIH). 

ACTION: Request for data on the use of 
topical anesthetics and systemic 
analgesics for in vivo ocular irritation 
testing. 

SUMMARY: The Interagency Coordinating 
Committee on the Validation of 
Alternative Methods (ICCVAM) and 
NICEATM request the submission of 
data and information on the use of 
topical anesthetics and systemic 
analgesics for alleviating pain and 
distress in rabbits during eye irritation 
testing. They also request the 
submission of information about other 
procedures and strategies that may 
reduce or eliminate pain and distress 
associated with in vivo eye irritation 
methods. 

DATES: Data should be received by June 
25, 2007. 

ADDRESSES: Data should be sent by mail, 
fax, or e-mail to Dr. William S. Stokes, 
Director, NICEATM, NIEHS, P.O. Box 
12233, MD EC–17, Research Triangle 
Park, NC, 27709, (fax) 919–541–0947, (e-
mail) niceatm@niehs.nih.gov. Courier 
address: NICEATM, 79 T.W. Alexander 
Drive, Building 4401, Room 3128, 
Research Triangle Park, NC 27709. 

FOR FURTHER INFORMATION CONTACT: Dr. 
William S. Stokes, NICEATM Director, 
(phone) 919–541–2384 or 
niceatm@niehs.nih.gov. 

SUPPLEMENTARY INFORMATION 

Background 

The U.S. Environmental Protection 
Agency (EPA) nominated to ICCVAM 
several activities relevant to reducing, 
replacing, or refining the use of rabbits 
in the current in vivo eye irritation test 
method (Federal Register Vol. 69, No. 
57, pages 13859–13861, March 24, 

2004). One activity is to review ways to 
alleviate pain and suffering that might 
arise from current in vivo eye irritation 
testing. ICCVAM endorsed this activity 
with a high priority and recommended 
that NICEATM review the data currently 
available on the use of topical 
anesthetics and/or systemic analgesics 
to reduce animal pain and distress. 

As part of this review, NICEATM 
requests the submission of data from 
completed studies on the use of topical 
anesthetics and/or systemic analgesics 
for in vivo ocular irritancy testing. These 
data will be used to evaluate the 
validation status of the use of topical 
anesthetics and/or analgesics to reduce 
pain and distress for in vivo testing 
situations. ICCVAM and NICEATM also 
request the submission of information 
and data from in vivo methods, 
procedures, and/or strategies that may 
reduce or eliminate the pain and 
suffering associated with current in vivo 
eye irritation methods. 

Background Information on ICCVAM 
and NICEATM 

ICCVAM is an interagency committee 
composed of representatives from 15 
federal regulatory and research agencies 
that use or generate toxicological 
information. ICCVAM conducts 
technical evaluations of new, revised, 
and alternative methods with regulatory 
applicability and promotes the scientific 
validation and regulatory acceptance of 
toxicological test methods that more 
accurately assess the safety and hazards 
of chemicals and products and that 
refine, reduce, or replace animal use. 
The ICCVAM Authorization Act of 2000 
(42 U.S.C. 285l–3) established ICCVAM 
as a permanent interagency committee 
of the NIEHS under NICEATM. 
NICEATM administers the ICCVAM and 
provides scientific and operational 
support for ICCVAM-related activities. 
Additional information about NICEATM 
and ICCVAM can be found at the 
following Web site: http:// 
iccvam.niehs.nih.gov. 

Dated: April 30, 2007. 

Samuel H. Wilson, 

Deputy Director, National Institute of 
Environmental Health Sciences and National 
Toxicology Program. 

[FR Doc. E7–8898 Filed 5–8–07; 8:45 am] 

BILLING CODE 4140–01–P 
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DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

National Toxicology Program (NTP) 
Interagency Center for the Evaluation 
of Alternative Toxicological Methods 
(NICEATM); Request for Ocular 
Irritancy Test Data From Human, 
Rabbit, and In Vitro Studies Using 
Standardized Testing Methods 

AGENCY: National Institute of 
Environmental Health Sciences 
(NIEHS), National Institutes of Health 
(NIH).  

ACTION: Request for submission of  
relevant data.  

SUMMARY: The Interagency Coordinating 
Committee on the Validation of 
Alternative Methods (ICCVAM) and 
NICEATM are collaborating with the 
European Centre for the Validation of 
Alternative Methods (ECVAM) to 
evaluate the validation status of in vitro 
test methods for assessing the ocular 
irritation potential of substances. On 
behalf of the ICCVAM, NICEATM 
requests data on substances tested for 
ocular irritancy in humans, rabbits, and/ 
or in vitro. These data will be used to: 
(1) Review the state-of-the-science in 
regard to the availability of accurate and 
reliable in vitro test methods for 
assessing the range of potential ocular 
irritation activity, including whether 
ocular damage is reversible or not and 
(2) expand NICEATM’s high-quality 
ocular toxicity database. In vitro test 
methods for which data are sought 
include, but are not limited to: (1) The 
Bovine Corneal Opacity and 
Permeability (BCOP) test, (2) the 
Isolated Rabbit Eye (IRE) test, (3) the 
Isolated Chicken Eye (ICE) test, and (4) 
the Hen’s Egg Test—Chorioallantoic 
Membrane (HET–CAM). 

DATES: Data should be received by July 
23, 2007. Data received after this date 
will be considered as feasible. 
ADDRESSES: Dr. William S. Stokes, 
NICEATM Director, NIEHS, P.O. Box 
12233, MD EC–17, Research Triangle 
Park, NC 27709, (fax) 919–541–0947, (e-
mail) niceatm@niehs.nih.gov. Courier 
address: NICEATM, 79 T.W. Alexander 
Drive, Building 4401, Room 3128, 
Research Triangle Park, NC 27709. 
Responses can be submitted 
electronically at the ICCVAM– 
NICEATM Web site: http:// 
iccvam.niehs.nih.gov/contact/ 
FR_pubcomment.htm or by e-mail, mail, 
or fax. 

FOR FURTHER INFORMATION CONTACT: 
Other correspondence should be 
directed to Dr. William S. Stokes (919– 
541–2384 or niceatm@niehs.nih.gov). 
SUPPLEMENTARY INFORMATION: 

Background 

In October 2003, the U.S. 
Environmental Protection Agency (EPA) 
submitted to ICCVAM a nomination 
with several activities related to 
reducing, replacing, and refining the use 
of rabbits in the current in vivo eye 
irritation test method (Federal Register 
Vol. 69, No. 57, pp 13859–13861, March 
24, 2004). In response to this 
nomination, ICCVAM completed an 
evaluation of the validation status of the 
BCOP, ICE, IRE, and HET–CAM test 
methods for identifying severe 
(irreversible) ocular irritants/corrosives 
using the United Nations Globally 
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Harmonized System of Classification 
and Labeling of Chemicals (GHS), the 
EPA, and the European Union hazard 
classification systems. NICEATM and 
ICCVAM prepared a comprehensive 
background review document (BRD) on 
each of the four in vitro test methods. 
Each BRD included an analysis of test 
method performance (i.e., reliability and 
relevance) as compared to the in vivo 
rabbit eye reference test method, based 
on all available data. ICCVAM 
developed recommendations on the 
usefulness and limitations of these in 
vitro test methods for identifying ocular 
corrosives/severe irritants after 
considering the BRDs, comments 
received from the public and the 
Scientific Advisory Committee on 
Alternative Toxicological Methods 
(SACATM), and comments and 
recommendations received from an 
independent expert panel (Federal 
Register Vol. 70, No. 53, pp 13513– 
13514, March 21, 2005 and Vol. 70, No. 
211, p 66451, November 2, 2005). 

ICCVAM is now reviewing the 
validation status of these and other in 
vitro test methods for identifying 
nonsevere ocular irritants (i.e., those 
that induce reversible ocular damage) 
and non-irritants. 

Request for Data 

As part of the review process, 
NICEATM requests the submission of 
data from substances tested for ocular 
irritancy in humans, rabbits, and/or in 
vitro. Data received by July 23, 2007 will 
be compiled and added to the database 
maintained by NICEATM and utilized 
where appropriate in the evaluation of 
in vitro ocular irritation test methods. 
Data received after this date will also be 
considered and used where applicable 
for future evaluation activities. All 
information submitted in response to 
this notice will be made publicly 
available upon request to NICEATM. 

When submitting substance and 
protocol information/test data, please 
reference this Federal Register notice 
and provide appropriate contact 
information (name, affiliation, mailing 
address, phone, fax, e-mail, and 
sponsoring organization, as applicable). 

NICEATM prefers data to be 
submitted as copies of pages from study 
notebooks and/or study reports, if 
available. Raw data and analyses 
available in electronic format may also 
be submitted. Each submission for a 
substance should preferably include the 
following information, as appropriate:

• Common and trade name. 
• Chemical Abstracts Service Registry 

Number (CASRN). 
• Chemical and/or product class. 
• Commercial source. 

• In vitro test protocol used. 
• Rabbit eye test protocol used. 
• Human eye test protocol used. 
• Individual animal/human or in 

vitro responses at each observation time 
(i.e., raw data). 

• The extent to which the study 
complied with national/international 
Good Laboratory Practice (GLP) 
guidelines. 

• Date and testing organization. 
Additional information on the 

submission of data may be obtained at 
http://iccvam.niehs.nih.gov/methods/ 
ocutox/ivocutox.htm. 

Background Information on ICCVAM 
and NICEATM 

ICCVAM is an interagency committee 
composed of representatives from 15 
federal regulatory and research agencies 
that use or generate toxicological 
information. ICCVAM conducts 
technical evaluations of new, revised, 
and alternative methods with regulatory 
applicability and promotes the scientific 
validation and regulatory acceptance of 
toxicological test methods that more 
accurately assess the safety and hazards 
of chemicals and products and that 
refine, reduce, or replace animal use. 
The ICCVAM Authorization Act of 2000 
(42 U.S.C. 285l–3, available at http:// 
iccvam.niehs.nih.gov/docs/about_docs/ 
PL106545.pdf) established ICCVAM as a 
permanent interagency committee of the 
NIEHS under NICEATM. NICEATM 
administers the ICCVAM and provides 
scientific and operational support for 
ICCVAM-related activities. NICEATM 
and ICCVAM work collaboratively to 
evaluate new and improved test 
methods applicable to the needs of 
federal agencies. Additional information 
about ICCVAM and NICEATM is 
available on the following Web site: 
http://iccvam.niehs.nih.gov. 

Dated: May 25, 2007. 

Samuel H. Wilson, 

Deputy Director, National Institute of 
Environmental Health Sciences and National 
Toxicology Program. 

[FR Doc. E7–10966 Filed 6–6–07; 8:45 am] 

BILLING CODE 4140–01–P 
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DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

National Toxicology Program (NTP); 
NTP Interagency Center for the 
Evaluation of Alternative Toxicological 
Methods (NICEATM); Non-Animal 
Methods and Approach for Evaluating 
Eye Irritation Potential for 
Antimicrobial Cleaning Products 
(AMCPs): Request for Nominations for 
an Independent Expert Panel and 
Submission of Relevant Data 

AGENCY: National Institute of 
Environmental Health Sciences 
(NIEHS), National Institutes of Health 
(NIH). 
ACTION: Request nominations for an 
independent expert panel and 
submission of relevant data. 

SUMMARY: At the request of the U.S. 
Environmental Protection Agency 
(EPA), the Interagency Coordinating 
Committee on the Validation of 
Alternative Methods (ICCVAM) is 
planning to assess the validation status 
of a proposed non-animal approach for 
evaluating the eye irritation potential of 
AMCPs that meets hazard classification 
and labeling requirements. On behalf of 
ICCVAM, NICEATM requests: 

1. Nominations of expert scientists to 
serve as members of an independent 
peer review panel. 

2. Submission of relevant data and 
information on AMCPs or related 
substances obtained from (1) human 
testing or experience including reports 
from accidental exposures, (2) rabbits 
using the standard eye test or the low 
volume eye test (LVET), and (3) in vitro 
test methods for assessing ocular 

irritation, such as the Bovine Corneal 
Opacity and Permeability (BCOP) test, 
the Cytosensor Microphysiometer (CM) 
test, and the EpiOcular test, and data 
supporting the accuracy and 
reproducibility of these methods. 

DATES: Submit nominations and data by 
May 19, 2008. Data submitted after this 
date will be considered in the 
evaluation, if feasible. 
ADDRESSES: Submit nominations and 
data to Dr. William S. Stokes, NICEATM 
Director, NIEHS, P.O. Box 12233, MD 
EC–17, Research Triangle Park, NC, 
27709, (fax) 919–541–0947 (e-mail) 
niceatm@niehs.nih.gov. Courier address: 
NICEATM, 79 T.W. Alexander Drive, 
Building 4401, Room 3128, Research 
Triangle Park, NC, 27709. Responses 
can also be submitted electronically via 
the ICCVAM–NICEATM Web site 
(http://iccvam.niehs.nih.gov/contact/ 
FR_pubcomment.htm). 

FOR FURTHER INFORMATION CONTACT: 
Other correspondence should be 
directed to Dr. William S. Stokes (919– 
541–2384 or niceatm@niehs.nih.gov). 
SUPPLEMENTARY INFORMATION: 

Background 

In June 2004, the EPA Office of 
Pesticide Programs informed NICEATM 
that they were developing, via a 
subgroup of the Pesticide Program 
Dialogue Committee, a non-animal 
assessment approach for evaluating eye 
irritation potential and labeling 
requirements for AMCPs. Subsequently, 
the EPA in collaboration with the 
Alternative Testing Working Group 
(ATWG) developed a non-animal 
approach for this limited group of 
products. The ATWG is comprised of 
seven consumer product companies 
(Clorox, Colgate Palmolive, Dial, 
EcoLabs, Johnson Diversey, Procter & 
Gamble, and SC Johnson). The Institute 
for In Vitro Sciences, Inc. (IIVS), which 
coordinated the EPA–ATWG 
collaboration, performed additional 
testing to complete parallel sets of in 
vivo and in vitro data, and prepared a 
background review document (BRD) 
describing the final approach. More 
information concerning this submission 
is available at: http:// 
iccvam.niehs.nih.gov/methods/ocutox/ 
AMCP.htm. 

In January 2008, IIVS submitted the 
BRD, An In Vitro Approach for EPA 
Toxicity Labeling of Anti-Microbial 
Cleaning Products, to NICEATM. The 
EPA and the ATWG requested that 
NICEATM and ICCVAM use 
information within the BRD to conduct 
a technical review of the proposed 
approach to determine whether 
ICCVAM could assure the EPA, with a 

reasonable degree of certainty, that the 
approach would be useful for making 
labeling decisions for AMCPs that 
appropriately inform the user. 

NICEATM and ICCVAM are now 
conducting a preliminary evaluation of 
the submission to determine its 
completeness and adherence to 
ICCVAM guidelines, which are available 
at http://iccvam.niehs.nih.gov/ 
SuppDocs/SubGuidelines/SD_ 

subg034508.pdf. If they decide to move 
forward with an evaluation, NICEATM 
and ICCVAM will convene an 
independent peer review panel to 
review the validation status of the 
proposed approach. 

Request for Nominations of Scientific 
Experts 

NICEATM requests nominations of 
scientists with relevant knowledge and 
experience to serve on the peer review 
panel should it be convened. Areas of 
relevant expertise include, but are not 
limited to: 

• Biostatistics 
• Human and veterinary 

ophthalmology, with an emphasis on 
evaluation and treatment of chemical 
injuries 

• In vivo ocular toxicity testing 
• In vitro ocular toxicology 
• Test method validation 
Each nomination should include the 

nominee’s name, affiliation, contact 
information (i.e., mailing address, 
e-mail address, telephone and fax 
numbers), curriculum vitae, and a brief 
summary of relevant experience and 
qualifications. Nominations previously 
submitted to NICEATM in response to 
an earlier request for scientific experts 
for a possible peer panel review of in 
vitro ocular test methods used to 
evaluate AMCPs (Federal Register Vol. 
70, No. 53, pp. 13512–13513, available 
at http://iccvam.niehs.nih.gov) do not 
need to be resubmitted. 

Request for Data 

NICEATM invites the submission of 
relevant data and information on 
AMCPs or related substances obtained 
from (1) human testing or experience 
including reports from accidental 
exposures, (2) rabbits using the standard 
eye test or the low volume eye test 
(LVET), and (3) in vitro test methods for 
assessing ocular irritation, such as the 
Bovine Corneal Opacity and 
Permeability (BCOP) test, the 
Cytosensor Microphysiometer (CM) test, 
and the EpiOcular test, including data 
supporting the accuracy and 
reproducibility of these methods. 

Although data can be accepted at any 
time, data received by May 19, 2008 will 
be considered during the ICCVAM 
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evaluation process. Relevant data 
received after this date will be 
considered during the ICCVAM 
evaluation process, if feasible. All 
information submitted in response to 
this notice will be made publicly 
available and may be incorporated into 
future NICEATM and ICCVAM reports 
and publications as appropriate. 

When submitting data, please 
reference this Federal Register notice 
and provide appropriate contact 
information (name, affiliation, mailing 
address, phone, fax, e-mail, and 
sponsoring organization, as applicable). 

NICEATM prefers that data be 
submitted as copies of pages from study 
notebooks and/or study reports, if 
available. Raw data and analyses 
available in electronic format may also 
be submitted. Each submission for a 
substance should preferably include the 
following information, as appropriate: 

• Common and trade name 
• Chemical Abstracts Service Registry 

Number (CASRN) 
• Chemical and/or product class 
• Commercial source 
• In vivo or in vitro test protocol used 
• Individual animal or in vitro 

responses at each observation time (i.e., 
raw data) 

• The extent to which the study 
complied with national/international 
Good Laboratory Practice (GLP) 
guidelines 

• Date and testing organization 
• Physical and chemical properties 

(e.g. molecular weight, pH, water 
solubility, etc.) 

Background Information on ICCVAM 
and NICEATM 

ICCVAM is an interagency committee 
composed of representatives from 15 
Federal regulatory and research agencies 
that use or generate toxicological 
information. ICCVAM conducts 
technical evaluations of new, revised, 
and alternative methods with regulatory 
applicability and promotes the scientific 
validation and regulatory acceptance of 
toxicological test methods that more 
accurately assess the safety and hazards 
of chemicals and products and that 
refine, reduce, and replace animal use. 
The ICCVAM Authorization Act of 2000 
(42 U.S.C. 2851–3, available at (http:// 
iccvam.niehs.nih.gov/docs/about_docs/ 
PL106545.pdf) established ICCVAM as a 
permanent interagency committee of the 
NIEHS under NICEATM. NICEATM 
administers ICCVAM and provides 
scientific and operational support for 
ICCVAM-related activities. NICEATM 
and ICCVAM work collaboratively to 
evaluate new and improved test 
methods applicable to the needs of 
Federal agencies. Additional 

information about ICCVAM and 
NICEATM is available on the following 
Web site: http://iccvam.niehs.nih.gov. 

Dated: March 24, 2008. 

Samuel H. Wilson, 

Acting Director, National Institute of 
Environmental Health Sciences and National 
Toxicology Program. 

[FR Doc. E8–6969 Filed 4–3–08; 8:45 am] 

BILLING CODE 4140–01–P 
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DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

National Toxicology Program (NTP); 
NTP Interagency Center for the 
Evaluation of Alternative Toxicological 
Methods (NICEATM); Announcement 
of an Independent Scientific Peer 
Review Panel on Alternative Ocular 
Safety Testing Methods; Availability of 
Draft Background Review Documents 
(BRD); Request for Comments 

AGENCY: National Institute of 
Environmental Health Sciences 
(NIEHS), National Institutes of Health 
(NIH). 

ACTION: Meeting announcement and 
request for comments. 

SUMMARY: NICEATM, in collaboration 
with the Interagency Coordinating 
Committee on the Validation of 
Alternative Methods (ICCVAM), 
announces a public meeting of an 
independent scientific peer review 
panel (Panel) on alternative ocular 
safety testing methods. The Panel will 
evaluate (1) the validation status of a 
testing strategy that proposes the use of 
three in vitro test methods to assess the 
eye irritation potential of antimicrobial 
cleaning products (AMCPs), (2) the 
validation status of four in vitro test 
methods for identifying moderate (EPA 
Category II, UN Globally Harmonized 
System of Classification and Labeling of 
Chemicals (GHS) Category 2A) and mild 
(EPA Category III, GHS Category 2B) 
ocular irritants and substances not 
classified as ocular irritants (EPA 
Category IV, GHS Not Classified), (3) the 
validation status of the in vivo Low 
Volume Eye Test, and (4) a proposal for 
the routine use of topical anesthetics, 
systemic analgesics, and humane 
endpoints to avoid and minimize pain 
and distress during in vivo ocular 
irritation testing. 

The Panel will review draft ICCVAM 
summary review documents and draft 
BRDs and evaluate the extent to which 
established validation and acceptance 
criteria have been adequately addressed 
for each proposed test method and 
strategy. The Panel also will be asked to 
comment on the extent to which the 
information included in the BRDs 
supports ICCVAM’s draft test method 
recommendations. 

NICEATM invites public comments 
on the draft ICCVAM summary review 
documents, BRDs, and draft ICCVAM 
test method recommendations. All 
documents will be available on the 
NICEATM–ICCVAM Web site at http:// 
iccvam.niehs.nih.gov/methods/ocutox/ 
PeerPanel09.htm. Documents will be 
posted no later than April 1, 2009. 

DATES: The meeting is scheduled for 
May 19–21, 2009, from 8:30 a.m. to 5 
p.m. each day. The deadline for 
registration to attend the meeting and 
submission of written comments is May 
15, 2009. 

ADDRESSES: The meeting will be held at 
the U.S. Consumer Products Safety 
Commission (CPSC) Headquarters, 
Bethesda Towers Building, 4330 East 
West Highway, Bethesda, MD. Persons 
needing special assistance in order to 
attend, such as sign language 
interpretation or other reasonable 
accommodation, should contact 301– 
402–8180 (voice) or 301–435–1908 TTY 
(text telephone) at least seven business 
days before the event. 

FOR FURTHER INFORMATION CONTACT: Dr. 
William S. Stokes, Director, NICEATM, 
NIEHS, P.O. Box 12233, Mail Stop: K2– 
16, Research Triangle Park, NC 27709; 
(telephone) 919–541–2384; (fax) 919– 
541–0947; (e-mail) 
niceatm@niehs.nih.gov. Courier address: 
NICEATM, NIEHS, 530 Davis Drive, 
Room 2035, Durham, NC 27713. 

SUPPLEMENTARY INFORMATION: 

Background 

In January 2008, a BRD titled An In 
Vitro Approach for EPA Labeling of 
Anti-Microbial Cleaning Products was 
submitted to NICEATM for review. This 
BRD, prepared by the Institute for In 
Vitro Sciences in collaboration with the 
Alternative Testing Working Group 
(comprised of seven consumer product 
companies [Clorox, Colgate Palmolive, 
Dial, EcoLabs, Johnson Diversey, Procter 
and Gamble, and SC Johnson]), 
describes a testing strategy that uses the 
Cytosensor Microphysiometer , 
EpiOcular TM, and Bovine Corneal 
Opacity and Permeability (BCOP) assays 
to assess the eye irritation potential of 
AMCPs and to determine the 
appropriate EPA ocular hazard 
classification category. NICEATM and 
ICCVAM reviewed the BRD, requested 
additional data and information, and 
compiled draft recommendations and a 
draft ICCVAM summary review 
document. The Panel will first consider 
the current validation status of each of 
the three in vitro test methods and then 
consider the validation status of the 
proposed testing strategy. The Panel 
will also review the validation status of 
the in vivo Low Volume Eye Test, which 
is proposed as reference data to partially 
substantiate the validity of the in vitro 
test methods used in the test strategy. 

ICCVAM previously published 
recommendations on the use of four in 
vitro test methods (the BCOP, the 
isolated chicken eye test method, the 
isolated rabbit eye test method, and the 

hen’s egg test-choriallantoic membrane 
test method) for identifying ocular 
corrosives and severe irritants for 
hazard classification and labeling 
purposes (available at http:// 
iccvam.niehs.nih.gov/methods/ocutox/ 
ivocutox/ocu_tmer.htm). The ICCVAM 
recommendations were submitted to 
and accepted by ICCVAM member 
agencies (http://iccvam.niehs.nih.gov/ 
methods/ocutox/ivocutox/ 
ocu_recommend.htm). One of the 
ICCVAM recommendations was to 
consider the validation status of these 
four in vitro ocular test methods for 
identifying mild and moderate ocular 
irritants and substances not classified as 
ocular irritants. NICEATM and ICCVAM 
have prepared draft BRDs assessing 
their current validation status for this 
purpose/application. 

ICCVAM developed draft 
recommendations for the routine use of 
topical anesthetics, systemic analgesics, 
and humane endpoints to avoid or 
minimize pain and distress during in 
vivo ocular irritation testing. The 
proposal is based on recommendations 
by experts at a 2005 symposium 
Minimizing Pain and Distress in Ocular 
Toxicity Testing (co-sponsored by 
NICEATM–ICCVAM, the European 
Centre for the Evaluation of Alternative 
Methods [ECVAM], and the European 
Cosmetics Association) [http:// 
iccvam.niehs.nih.gov/meetings/ 
ocumeet/sympinfo.htm] that topical 
anesthetics and systemic analgesics 
should routinely be administered before 
ocular testing to avoid or minimize pain 
and distress that might occur during and 
after the initial application of test 
articles. The symposium experts also 
recommended that systemic analgesics 
should routinely be administered when 
there is evidence of potentially painful 
ocular damage or when there are 
clinical signs indicative of pain or 
distress. The experts also identified 
specific ocular injuries that would not 
be expected to reverse within 21 days, 
and therefore could be used as humane 
endpoints to end a study early. ICCVAM 
requested data (72 FR 26396) and then 
compiled available information on using 
topical anesthetics or systemic 
analgesics. The Panel will review the 
available information and comment on 
draft ICCVAM recommendations for the 
routine use of analgesics, anesthetics, 
and humane endpoints. 

ICCVAM is also cooperating with 
ECVAM on the peer review evaluation 
of four cell-based in vitro ocular test 
methods by an ECVAM Scientific 
Advisory Committee (ESAC) Peer 
Review Panel. The four methods, 
Cytosensor , Fluorescein Leakage, 
Neutral Red Release, and the Red Blood 
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Haemaolysis Test Method, are being 
evaluated for their usefulness and 
limitations for identifying ocular 
corrosives and severe irritants (i.e., EPA 
Category I, European Union (EU) R41, 
GHS Category 1) and substances not 
classified as ocular irritants (i.e., EPA 
Category IV, EU Not Labeled, GHS Not 
Classified). ECVAM prepared BRDs for 
the four methods and links to these 
documents will be available on the 
ICCVAM Web site by April 1, 2009. 
ICCVAM developed draft 
recommendations on the usefulness and 
limitations of the four test methods 
based on the information in the BRDs. 
Public comments on the BRDs and draft 
recommendations are invited. The Panel 
will also be asked to comment on the 
ICCVAM draft recommendations. 

Peer Review Panel Meeting 

This meeting will take place May 19– 
21, 2009, at the CPSC Headquarters, 
Bethesda Towers Building, 4330 East 
West Highway, Bethesda, MD. It will 
begin at 8:30 a.m. and is scheduled to 
conclude each day at approximately 5 
p.m. The meeting is open to the public 
at no charge, with attendance limited 
only by the space available. The Panel 
will consider the draft ICCVAM 
summary review documents and/or 
BRDs for each test method and evaluate 
the extent to which established 
validation and acceptance criteria are 
adequately addressed (as described in 
Validation and Regulatory Acceptance 
of Toxicological Test Methods: A Report 
of the ad hoc Interagency Coordinating 
Committee on the Validation of 
Alternative Methods, NIH Publication 
No. 97–3981, available at http:// 
iccvam.niehs.nih.gov/docs/about_docs/ 
validate.pdf). The Panel will then 
comment on the extent to which each of 
the draft ICCVAM test method 
recommendations is supported by the 
information provided in the 
corresponding draft BRD(s). The Panel 
is expected to review the test methods 
and testing strategy for labeling AMCPs 
first, followed by the four test methods 
used to identify mild and moderate 
irritants, and finally the use of 
anesthetics, analgesics, and humane 
endpoints when conducting in vivo eye 
irritation tests in rabbits. 

Additional information about the 
meeting, including a roster of the Panel 
members and the draft agenda, will be 
posted on the NICEATM–ICCVAM Web 
site (http://iccvam.niehs.nih.gov/ 
methods/ocutox/PeerPanel09.htm) two 
weeks before the meeting. This 
information will also be available after 
that date by contacting NICEATM (see 
FOR FURTHER INFORMATION CONTACT 

above). 

Attendance and Registration 

In order to facilitate planning for this 
meeting, persons wishing to attend are 
asked to register by May 15, 2009, via 
the NICEATM–ICCVAM Web site 
(http://iccvam.niehs.nih.gov/contact/ 
reg_form_OcuPanel.htm). Visitor 
information, area map, driving 
directions, and CPSC contact 
information are available at http:// 
www.cpsc.gov/about/contact.html. 

Availability of the Documents 

The draft summary review 
documents, draft BRDs, and draft 
ICCVAM test method recommendations 
will be posted no later than April 1, 
2009, on the NICEATM–ICCVAM Web 
site (http://iccvam.niehs.nih.gov/ 
methods/ocutox/PeerPanel09.htm), or 
by contacting NICEATM (see FOR 

FURTHER INFORMATION CONTACT above). 

Request for Public Comments 

NICEATM invites the submission of 
written comments on the draft ICCVAM 
summary review documents, draft 
BRDs, and draft ICCVAM test method 
recommendations by May 15, 2009. 
NICEATM prefers that comments be 
submitted electronically via the 
NICEATM–ICCVAM Web site (http:// 
iccvam.niehs.nih.gov/contact/ 
FR_pubcomment.htm) or via e-mail to 
niceatm@niehs.nih.gov. Written 
comments may also be sent by mail, fax, 
or email to Dr. William Stokes, Director, 
NICEATM, at the address listed above 
(see FOR FURTHER INFORMATION CONTACT). 
When submitting written comments, 
please refer to this Federal Register 
notice and include appropriate contact 
information (name, affiliation, mailing 
address, phone, fax, email, and 
sponsoring organization, if applicable). 
NICEATM will post all comments on 
the NICEATM–ICCVAM Web site 
(http://iccvam.niehs.nih.gov) identified 
by the individual’s name and affiliation 
or sponsoring organization (if 
applicable). NICEATM will provide 
these comments to the Panel and 
ICCVAM agency representatives and 
make them available to the public at the 
meeting. 

Opportunity will be provided for 
members of the public to present oral 
comments at designated times during 
the peer review. Up to seven minutes 
will be allotted per speaker. If you wish 
to present oral statements at the meeting 
(one speaker per organization), contact 
NICEATM (see FOR FURTHER 

INFORMATION CONTACT above) by May 15, 
2009. Please provide a written copy of 
your comments with contact 
information (name, affiliation, mailing 
address, phone, fax, email, and 

sponsoring organization, if applicable) 
when registering to make oral 
comments. If it is not possible to 
provide a copy of your statement in 
advance, please bring 40 copies to the 
meeting for distribution to the Panel and 
to supplement the record. Written 
statements can supplement and expand 
the oral presentation. Please provide 
NICEATM with copies of any 
supplementary written statement using 
the guidelines outlined above. 

Summary minutes and the Panel’s 
final report will be available following 
the meeting on the NICEATM–ICCVAM 
Web site (http://iccvam.niehs.nih.gov). 
ICCVAM will consider the Panel’s 
conclusions and recommendations and 
any public comments received in 
finalizing their test method 
recommendations for these methods. 

Background Information on ICCVAM 
and NICEATM 

ICCVAM is an interagency committee 
composed of representatives from 15 
Federal regulatory and research agencies 
that use, generate, or disseminate 
toxicological information. ICCVAM 
conducts technical evaluations of new, 
revised, and alternative methods with 
regulatory applicability and promotes 
the scientific validation and regulatory 
acceptance of toxicological test methods 
that more accurately assess the safety 
and hazards of chemicals and products 
and that refine, reduce, and replace 
animal use. The ICCVAM Authorization 
Act of 2000 (42 U.S.C. 285l–3) 
established ICCVAM as a permanent 
interagency committee of the NIEHS 
under NICEATM. NICEATM 
administers ICCVAM and provides 
scientific and operational support for 
ICCVAM-related activities. NICEATM 
and ICCVAM work collaboratively to 
evaluate new and improved test 
methods applicable to the needs of U.S. 
Federal agencies. Additional 
information about ICCVAM and 
NICEATM can be found on their Web 
site (http://iccvam.niehs.nih.gov). 

Dated: March 20, 2009. 

John R. Bucher, 

Associate Director, NTP. 

[FR Doc. E9–7220 Filed 3–30–09; 8:45 am] 

BILLING CODE 4140–01–P 
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DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

National Toxicology Program (NTP); 
Office of Liaison, Policy and Review; 
Meeting of the Scientific Advisory 
Committee on Alternative 
Toxicological Methods (SACATM) 

AGENCY: National Institute of 
Environmental Health Sciences 
(NIEHS), National Institutes of Health 
(NIH). 

ACTION: Meeting announcement and 
request for comments. 

SUMMARY: Pursuant to section 10(a) of 
the Federal Advisory Committee Act, as 
amended (5 U.S.C. Appendix 2), notice 
is hereby given of a meeting of 
SACATM on June 25–26, 2009, at the 
Hilton Arlington Hotel, 950 North 
Stafford Street, Arlington, VA 22203. 
The meeting is open to the public with 
attendance limited only by the space 
available. SACATM advises the 
Interagency Coordinating Committee on 
the Validation of Alternative Methods 
(ICCVAM), the NTP Interagency Center 
for the Evaluation of Alternative 
Toxicological Methods (NICEATM), and 
the Director of the NIEHS and NTP 
regarding statutorily mandated duties of 
ICCVAM and activities of NICEATM. 

DATES: The SACATM meeting will be 
held on June 25 and 26, 2009. The 
meeting is scheduled from 8:30 a.m. to 
5 p.m. on June 25 and 8:30 a.m. until 
adjournment on June 26, 2009. All 
individuals who plan to attend are 
encouraged to register online at the NTP 
Web site (http://ntp.niehs.nih.gov/go/ 
7441) by June 17, 2009. In order to 
facilitate planning, persons wishing to 
make an oral presentation are asked to 
notify Dr. Lori White, NTP Executive 
Secretary, via online registration, phone, 
or e-mail by June 17, 2009 (see 
ADDRESSES below). Written comments 
should also be received by June 17, 
2009, to enable review by SACATM and 
NIEHS/NTP staff before the meeting. 

ADDRESSES: The SACATM meeting will 
be held at the Hilton Arlington Hotel, 
950 North Stafford Street, Arlington, VA 
22203 [hotel: (703) 528–6000)]. Public 
comments and other correspondence 
should be directed to Dr. Lori White 
(NTP Office of Liaison, Policy and 
Review, NIEHS, P.O. Box 12233, MD 
K2–03, Research Triangle Park, NC 
27709; telephone: 919–541–9834 or e-
mail: whiteld@niehs.nih.gov). Courier 
address: NIEHS, 530 Davis Drive, Room 
2136, Durham, NC 27713. Persons 
needing interpreting services in order to 
attend should contact 301–402–8180 
(voice) or 301–435–1908 (TTY). 
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Requests should be made at least 7 days 
in advance of the meeting. 

SUPPLEMENTARY INFORMATION: 

Preliminary Agenda Topics and 
Availability of Meeting Materials 

Preliminary agenda topics include: 
• NICEATM–ICCVAM Update. 
• Regulatory Acceptance of ICCVAM– 

Recommended Alternative Test 
Methods. 

• NRC Report Recognition and 
Alleviation of Pain in Laboratory 
Animals. 

• Implementation of NICEATM– 
ICCVAM Five-Year Plan. 

• Federal Agency Research, 
Development, Translation, and 
Validation Activities Relevant to the 
NICEATM–ICCVAM Five-Year Plan 
(EPA and USDA). 

• Report on second meeting of 
Independent Peer Review Panel: 
Evaluation of the Updated Validation 
Status of New Versions and 
Applications of the Murine Local 
Lymph Node Assay: Assessing the 
Allergic Contact Dermatitis Potential of 
Chemicals and Products. 

• Report on the Independent 
Scientific Peer Review Panel on 
Alternative Ocular Safety Testing 
Methods. 

• Update from the Japanese Center for 
the Validation of Alternative Methods. 

• Update from the European Centre 
for the Evaluation of Alternative 
Methods. 

• Update from Health Canada. 
A copy of the preliminary agenda, 

committee roster, and additional 
information, when available, will be 
posted on the NTP Web site (http:// 
ntp.niehs.nih.gov/go/7441) or available 
upon request (see ADDRESSES above). 
Following the SACATM meeting, 
summary minutes will be prepared and 
available on the NTP Web site or upon 
request. 

Request for Comments 

Both written and oral public input on 
the agenda topics is invited. Written 
comments received in response to this 
notice will be posted on the NTP Web 
site. Persons submitting written 
comments should include their name, 
affiliation (if applicable), and 
sponsoring organization (if any) with 
the document. Time is allotted during 
the meeting for presentation of oral 
comments and each organization is 
allowed one time slot per public 
comment period. At least 7 minutes will 
be allotted for each speaker, and if time 
permits, may be extended up to 10 
minutes at the discretion of the chair. 
Registration for oral comments will also 
be available on-site, although time 

allowed for presentation by on-site 
registrants may be less than for pre-
registered speakers and will be 
determined by the number of persons 
who register at the meeting. 

Persons registering to make oral 
comments are asked to do so through 
the online registration form (http:// 
ntp.niehs.nih.gov/go/7441) and to send 
a copy of their statement to Dr. White 
(see ADDRESSES above) by June 17, 2009, 
to enable review by SACATM, 
NICEATM–ICCVAM, and NIEHS/NTP 
staff prior to the meeting. Written 
statements can supplement and may 
expand the oral presentation. If 
registering on-site and reading from 
written text, please bring 40 copies of 
the statement for distribution and to 
supplement the record. 

Background Information on ICCVAM, 
NICEATM, and SACATM 

ICCVAM is an interagency committee 
composed of representatives from 15 
Federal regulatory and research agencies 
that use, generate, or disseminate 
toxicological information. ICCVAM 
conducts technical evaluations of new, 
revised, and alternative methods with 
regulatory applicability and promotes 
the development, scientific validation, 
regulatory acceptance, implementation, 
and national and international 
harmonization of new, revised, and 
alternative toxicological test methods 
that more accurately assess the safety 
and hazards of chemicals and products 
and that refine, reduce, and replace 
animal use. The ICCVAM Authorization 
Act of 2000 [42 U.S.C. 285l–3] 
established ICCVAM as a permanent 
interagency committee of the NIEHS 
under NICEATM. NICEATM 
administers ICCVAM and provides 
scientific and operational support for 
ICCVAM-related activities. NICEATM 
and ICCVAM work collaboratively to 
evaluate new and improved test 
methods applicable to the needs of U.S. 
Federal agencies. Additional 
information about ICCVAM and 
NICEATM can be found on their Web 
site (http://iccvam.niehs.nih.gov). 

SACATM was established in response 
to the ICCVAM Authorization Act 
[Section 285l–3(d)] and is composed of 
scientists from the public and private 
sectors. SACATM advises ICCVAM, 
NICEATM, and the Director of the 
NIEHS and NTP regarding statutorily 
mandated duties of ICCVAM and 
activities of NICEATM. SACATM 
provides advice on priorities and 
activities related to the development, 
validation, scientific review, regulatory 
acceptance, implementation, and 
national and international 
harmonization of new, revised, and 

alternative toxicological test methods. 
Additional information about SACATM, 
including the charter, roster, and 
records of past meetings, can be found 
at http://ntp.niehs.nih.gov/go/167. 

Dated: April 22, 2009. 

John R. Bucher, 

Associate Director, National Toxicology 
Program. 

[FR Doc. E9–9845 Filed 4–28–09; 8:45 am] 

BILLING CODE 4140–01–P 
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DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

National Toxicology Program (NTP); 
NTP Interagency Center for the 
Evaluation of Alternative Toxicological 
Methods (NICEATM); Independent 
Scientific Peer Review Panel Report: 
Evaluation of the Validation Status of 
Alternative Ocular Safety Testing 
Methods and Approaches: Notice of 
Availability and Request for Public 
Comments 

AGENCY: National Institute of 
Environmental Health Sciences 
(NIEHS), National Institutes of Health 
(NIH). 

ACTION: Request for comments. 

SUMMARY: NICEATM, in collaboration 
with the Interagency Coordinating 
Committee on the Validation of 
Alternative Methods (ICCVAM), 
convened an independent international 
scientific peer review panel (hereafter, 
Panel) on May 19–21, 2009, to evaluate 
test methods and approaches with the 
potential to reduce and refine the use of 

animals for ocular safety testing. These 
evaluations included the following:

• A proposal for the routine use of 
topical anesthetics, systemic analgesics, 
and humane endpoints to avoid and 
minimize pain and distress during in 
vivo ocular irritation testing. 

• The in vivo low volume eye test 
(LVET).

• The use of the bovine corneal 
opacity and permeability (BCOP), the 
Cytosensor Microphysiometer (CM), 
the isolated chicken eye (ICE), the 
isolated rabbit eye (IRE), and the hen’s 
egg test—chorioallantoic membrane 
(HET–CAM) test methods for identifying 
moderate and mild ocular irritants and 
substances not labeled as ocular 
irritants. 

• Nonanimal testing strategies that 
use the BCOP, CM, and/or EpiOcularTM 

(EO) test methods to assess the eye 
irritation potential of antimicrobial 
cleaning products to determine their 
appropriate U.S. Environmental 
Protection Agency ocular hazard 
classification. 

The Panel report from this meeting is 
now available. The report contains (1) 
The Panel’s evaluation of the validation 
status of the test methods and testing 
strategies and (2) the Panel’s comments 
on the draft ICCVAM test method 
recommendations. NICEATM invites 
public comment on the Panel report. 
The report is available on the 
NICEATM–ICCVAM Web site at http:// 
iccvam.niehs.nih.gov/docs/ 
ocutox_docs/OcularPRPRept2009.pdf or 
by contacting NICEATM at the address 
given below. 

DATES: Written comments on the Panel 
report should be received by August 28, 
2009. 
ADDRESSES: NICEATM prefers that 
comments be submitted electronically 
by e-mail to niceatm@niehs.nih.gov. 
Comments can also be submitted via the 
NICEATM–ICCVAM Web site at http:// 
iccvam.niehs.nih.gov/contact/ 
FR_pubcomment.htm. Written 
comments can be sent by mail or fax to 
Dr. William S. Stokes, Director, 
NICEATM, NIEHS, P.O. Box 12233, 
Mail Stop: K2–16, Research Triangle 
Park, NC 27709; (fax) 919–541–0947. 
Courier address: NIEHS, NICEATM, 530 
Davis Drive, Room 2035, Durham, NC 
27713. 

FOR FURTHER INFORMATION CONTACT: Dr. 
William S. Stokes, (telephone) 919–541– 
2384, (fax) 919–541–0947 and (e-mail) 
niceatm@niehs.nih.gov. 

SUPPLEMENTARY INFORMATION: 

Background 

NICEATM announced the convening 
of an independent scientific peer review 
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panel to review and comment on the 
draft background review documents 
(BRDs) and summary review documents 
(SRDs) and draft recommendations, as 
well as the availability of the draft 
documents for public comment, in 
March 2009 (74 FR 14556). The Panel 
met in public session on May 19–21, 
2009, at Consumer Product Safety 
Commission Headquarters in Bethesda, 
MD. The Panel reviewed the draft 
ICCVAM documents for completeness, 
errors, and omissions of any existing 
relevant data or information. The Panel 
then evaluated the information in the 
draft documents to determine the extent 
to which each of the applicable criteria 
for validation and acceptance of 
toxicological test methods (ICCVAM 
2003) had been appropriately addressed. 
The Panel then considered the ICCVAM 
draft recommendations and commented 
on the extent that the recommendations 
were supported by the information 
provided in the draft BRDs or SRDs. 

ICCVAM organized a 2005 
symposium (70 FR 18037) on 
Minimizing Pain and Distress in Ocular 
Toxicity Testing where experts 
recommended that topical anesthetics 
and systemic analgesics should be 
routinely administered before in vivo 
ocular safety testing to avoid or 
minimize pain and distress that might 
occur during and after the initial 
application of test substances. The 
experts also recommended that systemic 
analgesics should routinely be 
administered when there are clinical 
signs indicative of pain or distress. The 
experts further recommended that 
humane endpoints to end a study early 
should be identified and used routinely. 
ICCVAM requested data (72 FR 26396), 
compiled available information on the 
use of topical anesthetics, systemic 
analgesics, and humane endpoints 
during in vivo ocular safety testing, and 
developed draft recommendations for 
implementing such practices. 

In 2007, ICCVAM published (70 FR 
66451) recommendations on the use of 
four in vitro test methods (BCOP, ICE, 
IRE, HET–CAM) for identifying ocular 
corrosives and severe irritants for 
hazard classification and labeling 
purposes. The ICCVAM 
recommendations were submitted to 
and accepted by ICCVAM member 
agencies (more information at http:// 
iccvam.niehs.nih.gov/methods/ocutox/ 
ivocutox/ocu_recommend.htm). One of 
the ICCVAM recommendations was to 
consider the validation status of these 
four in vitro ocular test methods for 
identifying mild and moderate ocular 
irritants and substances not classified as 
ocular irritants. NICEATM and ICCVAM 
requested data (72 FR 31582), compiled 

available information, prepared draft 
BRDs assessing their current validation 
status for this purpose, and developed 
draft recommendations for their use. 

In January 2008, a BRD titled, An In 
Vitro Approach for EPA Labeling of 
Anti-Microbial Cleaning Products, was 
submitted to NICEATM for review. This 
BRD, prepared by the Institute for In 
Vitro Sciences in collaboration with the 
Alternative Testing Working Group 
(comprised of seven consumer product 
companies [Clorox, Colgate Palmolive, 
Dial, EcoLabs, Johnson Diversey, Procter 
and Gamble, and SC Johnson]), proposes 
a testing strategy that uses the CM , 
EpiOcularTM, and BCOP test methods to 
assess the eye irritation potential of 
antimicrobial cleaning products and to 
determine appropriate EPA ocular 
hazard classification categories for such 
products. NICEATM and ICCVAM 
reviewed the BRD, requested additional 
data and information (73 FR 18535), and 
compiled draft recommendations and a 
draft ICCVAM SRD. ICCVAM also 
reviewed the validation status of the 
LVET, which is proposed as a reference 
test method to partially substantiate the 
validity of the in vitro test methods used 
in the test strategy. 

Availability of the Peer Panel Report 

The Panel’s conclusions and 
recommendations are detailed in the 
Independent Scientific Peer Review 
Panel Report: Evaluation of the 
Validation Status of Alternative Ocular 
Safety Testing Methods and Approaches 
which is available along with the draft 
documents reviewed by the Panel and 
the draft ICCVAM test method 
recommendations at http:// 
iccvam.niehs.nih.gov/methods/ocutox/ 
PeerPanel09.htm. 

Request for Public Comments 

NICEATM invites the submission of 
written comments on the Panel report. 
When submitting written comments, 
please refer to this Federal Register 
notice and include appropriate contact 
information (name, affiliation, mailing 
address, phone, fax, e-mail, and 
sponsoring organization, if applicable). 
All comments received will be made 
publicly available via the NICEATM– 
ICCVAM Web site at http:// 
iccvam.niehs.nih.gov/methods/ocutox/ 
PeerPanel09.htm. ICCVAM will 
consider the Panel report along with 
public comments and comments made 
by the Scientific Advisory Committee 
on Alternative Toxicological Methods 
(SACATM) at their June 25–26, 2009 
meeting (74 FR 19562) when finalizing 
test method recommendations. Final 
ICCVAM recommendations will be 
published in ICCVAM test method 

evaluation reports, which will be 
forwarded to relevant Federal agencies 
for their consideration. The evaluation 
reports will also be available to the 
public on the NICEATM–ICCVAM Web 
site at http://iccvam.niehs.nih.gov/ 
methods/ocutox/ocutox.htm and by 
request from NICEATM (see ADDRESSES 

above). 

Background Information on ICCVAM, 
NICEATM, and SACATM 

ICCVAM is an interagency committee 
composed of representatives from 15 
Federal regulatory and research agencies 
that use, generate, or disseminate 
toxicological information. ICCVAM 
conducts technical evaluations of new, 
revised, and alternative methods with 
regulatory applicability, and promotes 
the scientific validation and regulatory 
acceptance of toxicological test methods 
that more accurately assess the safety 
and hazards of chemicals and products 
and that refine, reduce, and replace 
animal use. The ICCVAM Authorization 
Act of 2000 (42 U.S.C. 285l–3) 
established ICCVAM as a permanent 
interagency committee of the NIEHS 
under NICEATM. NICEATM 
administers ICCVAM and provides 
scientific and operational support for 
ICCVAM-related activities. NICEATM 
and ICCVAM work collaboratively to 
evaluate new and improved test 
methods applicable to the needs of U.S. 
Federal agencies. Additional 
information about ICCVAM and 
NICEATM can be found on their Web 
site (http://iccvam.niehs.nih.gov). 

SACATM was established January 9, 
2002, and is composed of scientists from 
the public and private sectors (67 FR 
11358). SACATM provides advice to the 
Director of the NIEHS, ICCVAM, and 
NICEATM regarding the statutorily 
mandated duties of ICCVAM and 
activities of NICEATM. Additional 
information about SACATM, including 
the charter, roster, and records of past 
meetings, can be found at http:// 
ntp.niehs.nih.gov/ see ‘‘Advisory Board 
& Committees’’ (or directly at http:// 
ntp.niehs.nih.gov/go/167). 

Reference 

ICCVAM. 2003. ICCVAM Guidelines for the 
Nomination and Submission of New, 
Revised, and Alternative Test Methods. 
NIH Publication No. 03–4508. Research 
Triangle Park, NC: NIEHS. Available at: 
http://iccvam.niehs.nih.gov. 

Dated: July 3, 2009. 

John R. Bucher, 

Associate Director, NTP. 

[FR Doc. E9–16388 Filed 7–10–09; 8:45 am] 

BILLING CODE 4140–01–P 
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Appendix E2 

Public Comments Received in Response to Federal Register Notices 

70 FR 13512 (March 21, 2005) 
Request for Data on Non-Animal Methods and Approaches for Determining Skin and Eye 
Irritation Potential of Antimicrobial Cleaning Product Formulations; Request for 
Nominations for an Independent Expert Panel 

• No responses received. 

72 FR 26396 (May 9, 2007)  
Request for Data on the Use of Topical Anesthetics and Systemic Analgesics for In Vivo Eye 
Irritation Testing 

• Robert Guest (Safepharm Laboratories, Ltd.) ......................................................................E-21 

72 FR 31582 (June 7, 2007) 
Request for Ocular Irritancy Test Data from Human, Rabbit, and In Vitro Studies Using 
Standardized Testing Methods 

• No responses received. 

73 FR 18535 (April 4, 2008) 
Non-Animal Methods and Approach for Evaluating Eye Irritation Potential for Antimicrobial 
Cleaning Products (AMCPs): Request for Nominations for an Independent Expert Panel and 
Submission of Relevant Data 

• No responses received. 

74 FR 14556 (March 31, 2009) 
Announcement of an Independent Scientific Peer Review Panel on Alternative Ocular Safety 
Testing Methods; Availability of Draft Background Review Documents (BRDs); Request for 
Comments 

• Dr. Raymond David (BASF Corporation)............................................................................E-22 

• Dr. John Harbell ...................................................................................................................E-25 

• MatTek Corporation .............................................................................................................E-35 
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• Dr. Wolfgang Pape (R&D Brands) ......................................................................................E-41 

• Dr. Ruud Woutersen and Mr. Menk Prinsen (TNO)............................................................E-44 

• Dr. Robert Rapaport (The Procter & Gamble Company) ....................................................E-70 

• Dr. Gerald Renner (Colipa, the European Cosmetics Association) ..................................... E-91 

• Dr. Sherry Ward ................................................................................................................... E-94 

74 FR 19562 (April 29, 2009) 
Meeting of the Scientific Advisory Committee on Alternative Toxicological Methods 
(SACATM) 

• Mr. Troy Seidle, Ms. Sara Amundson, and Dr. Martin Stephens (HSUS), Dr. Kate Willet 
(PETA), and Dr. Chad Sandusky (PCRM) .......................................................................... E-99 

• Dr. Catherine Willet (PETA) .............................................................................................E-101 

74 FR 33444 (July 13, 2009) 
Independent Scientific Peer Review Panel Report: Evaluation of the Validation Status of 
Alternative Ocular Safety Testing Methods and Approaches: Notice of Availability and 
Request for Public Comments 

• No responses received. 
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Subject: Federal Register Notice Vol 72, No. 89, May 9, 2007 (p 26396)
Date: Monday, June 25, 2007 1:48 PM
From: Robert Guest 

Dear Dr Stokes,

Safepharm Laboratories Ltd. (SPL) supports the activity of ICCVAM-NICEATM to 
review ways to alleviate pain and suffering that might arise from current in vivo eye 
irritation testing. In response to the Federal Register Request for Data on the Use of 
Topical Anesthetics and Systemic Analgesics for In Vivo Eye Irritation Testing (Vol 72, 
No. 89, May 9, 2007), I would like to inform you that SPL has a policy of use of local 
anaesthetics to minimise pain and distress on administration of test substances in 
rabbit eye irritation studies. Whilst SPL is unable to provide data for review without the 
permission of its Sponsors, we are willing to provide further details of our current 
procedures for use of local anaesthetic. We also consider that there may be ways in 
which we could provide data from studies involving the use of local anaesthetic, 
without breach of confidentiality. Unfortunately the data is not yet in a form suitable for 
transmission but this can be arranged if required.

Please do not hesitate to contact me if this is of interest to ICCVAM-NICEATM.
 
Yours sincerely,

Mr Robert Guest
Head of Alternative and Acute Toxicology 
Safepharm Laboratories Ltd.
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 BASF Corporation 
100 Campus Drive 

Florham Park N.J. 07932 

Tel: (800) 526-1072 

www.basf.com/usa Helping Make Products BetterTM
 

 

 
May 13, 2009 

 

Dr. William S. Stokes,  

Director,  

NICEATM,  

NIEHS,  

P.O. Box 12233,  

Mail Stop: K2– 16,  

Research Triangle Park, NC 27709 

 

 

Dear Dr. Stokes, 

 

BASF SE through BASF Corporation is pleased to provide comments on the draft ICCVAM test method 

recommendations for alternative methods to evaluate eye irritation. BASF SE has extensive experience 

validating one of these methods and comparing the results to current methods. In summary, we provide 

comments on the HET-CAM assay based on our retrospective analysis of HET-CAM results generated during 

in-house routine testing. We are not providing comment on the BCOP assay because is just being 

established in the Laboratory for Acute Toxicology and has not yet been evaluated. My colleague, Dr. Arnhild 

Schrage, will attend to provide additional comment at the meeting. 

  

 

 

 

Regards, 

 

 

 

Raymond M. David, Ph.D., DABT 

Manager, Toxicology 
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 BASF Corporation 
100 Campus Drive 

Florham Park N.J. 07932 

Tel: (800) 526-1072 Helping Make Products BetterTM

Comments on the Draft BRD for the HET-CAM method 

a. General comment:  

There exist various protocols, endpoints and prediction models, especially for the 

HET-CAM method, making a comparison of different studies difficult. This 

observation is reflected in the ICCVAM report 2006
1
 where information was collected 

on roughly 260 substances in 383 HET-CAM studies (Draft HET-CAM BRD, line 

1118ff). So many substances were tested that for the analysis of one single HET-

CAM protocol, only 25 % of all studies could be used because of the differences in 

protocols and endpoints. However, the results could be compared to in vivo data, 

using a specific analysis of one protocol with its specific endpoints and fewer 

substances, e.g only 63 substances from 4 publications for the IS(A) analysis 

method (Draft HET-CAM BRD, line 1112 ff). Therefore, as recommended by 

ICCVAM, we emphasize the importance of determining one specific protocol and 

specific irritant endpoints. 

b. Specific comments  

• Line 877-879: development of irritant endpoints (hemorrhage [bleeding], 
vascular lysis [blood vessel disintegration], and coagulation [intra-and 

extravascular protein denaturation] 

In our hands, distinguishing between hemorrhage and lysis during 

microscopic observation is difficult, as both effects result in blood vessel 

leakage. We recommend either a detailed description of the observed effects 

within the protocol that helps to distinguish between both effects, or combine 

both effects in one endpoint, which would then be considered as part of the 

the calculation of the irritation score (line 897).   

• Line 975ff: in vivo data 

In addition to the in vivo classification, including an in vivo score from the 

results of the rabbit eye studies would facilitate the comparison of in vitro and 

in vivo data, e.g. the MMAS = modified maximum average score used by 

Balls et al. (1995)
2
. 

• Line 1162ff.: HET-CAM Test Method Accuracy 

(1182-1186: overall or for specific chemical and physical classes)  

To improve the predictability of the HET-CAM method, we recommend an 

analysis after grouping the substances by their solubility in water or oil.  

Our retrospective analysis of 145 routinely tested substances (manuscript 

submitted to Alternatives to Laboratory Animals in April 2009)
3
 revealed that 

the HET-CAM´s overall accuracy and the overall rates of false negatives or 

                                                
1
 http://iccvam.niehs.nih.gov/methods/ocutox/ivocutox/ocu brd hetcam.htm 

2
 Balls et al., Toxic. In Vitro Vol. 9, No. 6, pp. 871-929, 1995). 

3
 Schrage A, Gamer AO, van Ravenzwaay B, Landsiedel R. Experiences with the HET-CAM 

method in the routine testing of a broad variety of chemicals and formulations. Submitted.  
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 BASF Corporation 
100 Campus Drive 

Florham Park N.J. 07932 

Tel: (800) 526-1072 Helping Make Products BetterTM

false positives made this assay inadequate. However, the HET-CAM was 

sufficiently specific (few false positives) for water soluble substances, and 

highly sensitive (no false negatives) for non-water- and oil-soluble 

substances. Therefore, the HET-CAM might be applicable for excluding 

severe ocular irritation among water-insoluble substances. A copy of the 

abstract is attached. 

 

Abstract of the manuscript, submitted to ATLA in April 2009 

Experiences with the HET-CAM method in the routine testing of a broad variety of 
chemicals and formulations 

Arnhild Schrage, Armin O. Gamer, Bennard van Ravenzwaay, and Robert Landsiedel 

BASF SE, Experimental Toxicology and Ecology, 67056 Ludwigshafen, Germany 

 

Data on eye irritation are generally needed for hazard identification of chemicals. For the 

routine testing of a broad variety of chemicals and formulations we used the Hen´s Egg 

Test - chorioallantoic membrane (HET-CAM) method. In the course of a tiered testing 

strategy and due to the lack of regulatory acceptance we also performed the Rabbit Eye 

Irritation test according to the OECD Test Guideline 405.  

76 % of the 145 tested substances were non to mild irritating and 13 % were identified 

as irritating in vivo according to the EU classification system (GHS: 61% or 28 %, 

respectively). The remaining 11 % were severe irritants in vivo, which was based on the 

irreversibility of effects and not due to sufficiently high irritation scores in the three days 

after application.  

The retrospective analysis revealed, that the HET-CAM´s overall accuracy was 65 % 

and the overall rate of false negatives (FN) and false positives (FP) was 50 % or 33 %, 

respectively. The HET-CAM was sufficiently specific (few FP) for water solubles, but 

failed to identify nearly all severe irritants within this group. In contrast, it was highly 

sensitive (no FN) for non- and oil-soluble substances, but the specificity for this group 

was rather low.  

Therefore, the HET-CAM is not useful in our tiered-testing strategy for eye irritation 

testing. But for water-insoluble substances it might be applicable in combination with 

another in vitro method, provided that the regulatory acceptance is given. 
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May 5, 2009 

William Stokes, D.V.M, D.A.C.L.A.M. 
Director, NICEATM 
National Toxicology Program 
P.O. Box 12233, K2-16 
Research Triangle, NC 27709 

Dear Dr. Stokes: 

This public comment is delivered in response to Federal Register Notice Volume 74, Number 60, 
pages 14556-14557. It addresses the Summary Review Document (SRD), “Draft ICCVAM 
Summary Review Document: The Low Volume Eye Test”, April 1, 2009. 

The Summary Review Document purports to address the suitability of LVET data as an in vivo 
reference against which in vitro data might be compared. The analysis is central to the evaluation 
of the Draft Summary Review Document: Strategy for U.S. Environmental Protection Agency 
Ocular Hazard Classification and Labeling of Antimicrobial Cleaning Products Using In Vitro 
Alternative Test Methods. An SRD should demonstrate the high level of scholarship 
commensurate with its intended purpose. The completeness and veracity of the data presented 
and conclusions drawn are of interest to all of us working in the field of alternatives for the 
prediction of eye irritation in humans. A fundamental principle of scientific scholarship is the 
support of conclusion statements with data or reference to data. The reader may wish to review 
this SRD with that thought in mind. There are a number of key points in the SRD that might 
benefit from additional data and/or alternative interpretation. These points I should like to 
address in this public comment. The reader can then choose to include or ignore these additions 
as she or he feels appropriate. The points in question are repeated in several sections of this SRD. 
I will not try to address each occurrence but cite one representative passage. Each point begins 
with the specific text from the SRD followed by the comments. 

1.  “Accidental eye injury is the leading cause of visual impairment in the U.S. and 
many of these injuries occur due to contact with workplace and household 
chemicals. According to the National Institute of Occupational Safety and Health, 
each day about 2000 U.S. workers have a job-related eye injury that requires 
medical treatment. Even more eye injuries occur in the home, with 125,000 eye 
injuries a year caused by accidents involving common household products such as 
oven cleaner and bleach (source American Academy of Ophthalmology).”[lines 319-
325] Eye irritation, from mild through severe, is a concern in the home and workplace, in 
sports and in military training. The overall incidence of accident-induced visual 
impairment is the result of mechanical injury, thermal burns, and chemical exposure. 
McGwin and collaborators report that the vast majority of eye injury come from 
mechanical trauma (i.e., contusions/abrasions and foreign body)[1]. What is more 
important to this SRD is the frequency of moderate to severe chemical injuries to the eye. 
Wagoner[2] has reviewed a series of published reports and concluded that alkali injuries 
(including those from certain high alkali household products) and to a lesser degree acid 
injuries are the primary chemical injuries observed in people. It is of interest that 
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personal-care, surfactant-based cleaning products (laundry, dishwashing, and the like) 
and household bleaches are not mentioned. A summary table alkali and acids materials 
most associated with human eye injury is redrawn from this reference and is provided in 
Attachment 1. 

2.  “The majority of available LVET data were generated with surfactant-based 
mixtures or products which produce only a mild ocular irritant response or no 
response”[280-281]…”there is no information on the performance of known human 
corrosives in the LVET”[285-286]. It is expected that the developer of the LVET would 
focus on product types within its portfolio. Looking at the types of products used in the 
home, surfactant-based cleaning products are common and so assessment of their eye 
irritation potential would be important. However, the final statement is quite surprising 
given the available literature. The pioneering mechanistic studies of Maurer and Jester [3-
6] were performed using individual chemicals that included 37% formaldehyde, 8% 
NaOH, undiluted parafluoranaline, and 10% hydrogen peroxide. Griffith et al (1980) [7] 
used a series of chemicals to compare several instillation volumes (10, 30, 100 μL). With 
all three instillation volumes, several chemicals (29% SLS, 10% Acetic Acid, Calcium 
Hydroxide, (100%), and 38% Formaldehyde) produced severe damage that did not 
reverse in 21 days. NaOH, Acetic acid, and Calcium hydroxide are on the table provided 
in Attachment 1. 

3.  “Gettings et al (1996) evaluated 25 surfactant formulations and their hazard 
classifications by the EPA and GHS, and reported several incidences of under 
prediction of an ocular corrosive or severe irritant in the Draize rabbit eye test by 
the LVET method.”[281-284] The Cosmetics, Toiletries, and Fragrance Association 
(CTFA) produced some of the most useful data sets for the analysis of both the Draize 
and LVET in vivo tests as well as a wide range of in vitro assays. The Phase III work 
focused on surfactant-based formulations. All studies used the same batches of test 
material. Gettings et al (1996) [8] reported the Draize scores while Gettings et al (1998) 
[9] reported the low volume eye test scores. In their analysis of each data set, the authors 
used the Kay and Calandra (1960) [10] categories to assign degrees of irritancy potential. 
In both cases, the highest category assigned was Moderate. The EPA and GHS analysis 
was performed by others. Unfortunately, the GHS analyses (distribution of GHS 
categories) in tables 4-2 [435] and 4-4 [454] are incorrectly calculated. Products HZI 
(Skin Cleaner), HZK (Bubble Bath), and HZS (Shower Gel) produced lesions in one of 
the six animals treated in each group that did not recover by 21 days. Thus, these three 
test materials would be considered severe in the GHS scoring system. These errors in the 
GHS tables in turn impact some of the associated text [439-447]. Eye irritation categories 
obtained from a single in vivo assay are sometimes treated as absolutes, almost inherent 
properties of the test material (rather than properties of the test and associated regulatory 
interpretations/classification). The 6-rabbit test can be broken down into 20 unique 
combinations of 3 rabbits to model the current regulatory test. This type of bootstrap 
analysis provides some insight into the potential irritation categories that might be 
obtained with the test material (Attachment 2). 

4.  “…comparative human data from clinical studies and accidental exposures 
proposed to support its accuracy are largely with substances that are mild or non-
irritating. Ethical considerations have limited the severity of substances that can be 
tested in human clinical studies. Such data provide little assurance to the regulatory 
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agencies charged with protecting public health that the LVET can provide adequate 
protection from substances that may cause moderate or severe ocular injuries in 
humans.”[lines 304-310], all of Section 5.0 Performance of the LVET vs. the Draize 
Rabbit Eye Test Considering Human Study Data and Experiences”[lines 458-493] 
and “Accidental exposures are not generally considered to be a reliable source of the 
true ocular hazard potential since such exposures are likely immediately follows by 
flushing the eyes with large volumes of water.”[lines 594-597] Both the Draize and 
LVET assays are intended to address eye irritation potentials from non-irritating through 
stages to severe. Laying the basis, through clinical trials, to show the LVET (or other 
assays) as an effective predictor of irritation in the milder end of the spectrum seems 
quite appropriate. I hope most readers would also agree that clinical trials with severe eye 
irritants are both unethical and largely unnecessary. As mentioned before, we have a 
large body of data on severe (vision impairing) damage from accidental chemical 
exposure. Thus it is very surprising see the use of such data so roundly criticized by the 
NICEATM. The statements regarding the appropriateness of using epidemiological data 
(accidental exposure) seemed to have originated from the NICEATM as they supported 
neither by data nor reference from the ophthalmic literature. Together, these sections 
propose that a test designed to identify the degree of irritation potential of a test material 
and thus mitigate the risks from its accidental to humans cannot be calibrated or verified 
based upon the decades of human use and accidental exposure. A single or even small 
number of accidental exposures might not provide a robust picture of the human irritation 
potential. However, the National Electronic Injury Surveillance System (NEISS) database 
contains hundreds of reports over a wide range of product/chemical classes. From 
Appendix 11 of the International Association for Soaps, Detergents and Maintenance 
Products extensive BRD (Appendix A of the SRD), the 1980 to 1991 data are available 
for several kinds of cleaning product categories. In all cases, the exposed individual was 
seen by an emergency department. Here are several examples: Laundry soaps and 
detergents (230 exposures and all evaluated/treated and released), Dishwashing liquids 
(90 exposures and all evaluated/treated and released), Fabric treatments (30 exposed and 
all evaluated/treated and released), General purpose household cleaners (664 exposed and 
all evaluated/treated and released) and Household Bleaches (often with other cleaning 
products) (961 exposed and all but 4 evaluated/treated and released [the final disposition 
of these 4 individuals was not available from the data presented]). These data from 
emergency departments do not address specific products but do provide a strong sense of 
the irritation character of product classes. The somewhat higher irritation potential of the 
bleaches is consistent with the results of Maurer et al (2001) [3] using the LVET with 
13% sodium hypochlorite. In this study, recovery extended past 7 days making this 
concentration of bleach an EPA Category II. The point here is very simple. To dismiss 
the use of epidemiological data for eye irritation is to fly in the face of rational science 
and the considerable efforts to identify and characterize human risk (including those 
efforts of the Consumer Product Safety Commission). To ignore these data is to reduce 
the current and future assessment of eye irritation to a matter of dogma (an un-testable 
belief) rather than data (a testable hypothesis). 

5.  “In contrast, there are no documented instances where a substance with a hazard 
category determined in the Draize eye test produced a more severe hazard category 
response in humans following accidental exposure or ethical human studies.”[lines 
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314-317] This statement (assertion) has appeared in NICEATM-derived BRDs since 
2004 and has yet to ever be supported by data. In assessing the validation (and 
appropriateness for regulatory use) of new tests, both the sensitivity and specificity are 
evaluated. Acceptable predictive capacity is found in the ability to identify both positive 
and negative responses relative to the reference test (or species of interest). In the 
ICCVAM evaluation of the four in vitro methods for the prediction severe eye irritants, 
this point was reaffirmed. The SRD statement above might be substantiated at some point 
by data, but even so, it refers only to sensitivity and ignores the need for specificity. It is 
the matter of specificity that makes the data from Gettings et al (1996 and 1998) so 
important. All of us have direct experience using such consumer products. To see the 
likes of gel cleaner, shampoo, and facial cleaner placed in the same hazard category as 
concentrated hydrofluoric acid, formaldehyde, sulfur mustard, and sodium hydroxide 
gives one pause. Where is the specificity? One is reminded on the Aesop’s fable of the 
Sheppard Boy and the Wolf (Attachment 3). Specificity is the key to credibility. 

I thank you for the opportunity to make this public comment and ask that it be made available to 
the Expert Panel and general public before the 19-21 May 2009 meeting. I also look forward to 
attending the Peer Review Panel meeting. 

Sincerely yours, 

/s/

John W. Harbell, Ph.D. 
16334 Sunset Valley Drive 
Dallas, Texas, 75248 
johnharbell@sbcglobal.net 
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Attachment 1 

Common Causes of Chemical Injury* 

Class Compound Common 
Sources/Use 

Comments 

Alkali Ammonia 
[NH3] 

Fertilizer Combines with water to form NH40H 
fumes 

Refrigerants Very rapid penetration 
Cleaning agents 
(7% solution) 

Lye [NaOH] Drain cleaner Penetrates almost as rapidly as 
ammonia 

Potassium 
hydroxide 

[KOH] 

Caustic potash Similar to that of lye 

Magnesium 
hydroxide 
[Mg(OH)2] 

Sparklers Produces combined thermal and alkali 
injury 

Lime 
[Ca(OH)2] 

Plaster Most common cause of chemical 
injury in the work place 

Mortar Poor penetration 
Cement Toxicity increased by retained 

particulate matter 
Whitewash 

Acids Sulfuric acid 
[H2SO4] 

Industrial 
cleaners 

Combines with water to produce 
corneal thermal injury 

Battery acid May be associated with foreign body 
or laceration from batter acid 

Sulfurous 
acid [H2SO3] 

Formed from 
sulfur dioxide 
(SO2) by 
combination with 
corneal water 

Penetrates more easily than other acids 

Fruit and 
vegetable 
preservatives 
Bleach 
Refrigerants 

Hydofluoric 
acid [HF] 

Glass polishing Penetrates easily 

Glass frosting Produces severe injury 
Mineral refining 
Gasoline 
alkylation 
Silicone 
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production 
Acetic acid 

[CH3COOH] 
Vinegar 4-10% Mild injury with less than 10% 

contamination 
Essence of 
vinegar 80% 

Severe injury with higher 
concentration 

Glacial acetic 
acid 90% 

Chromic acid 
[Cr2O3] 

Used in the 
chrome plating 
industry 

Chromic exposure produces chromic 
conjunctivitis with brown 
discoloration 

Hydrochloric 
acid [HCl] 

Used as a 31-38% 
solution 

Severe injury only with high 
concentration and prolonged exposure 

• Redrawn from Wagoner, 1997 [2]  
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Attachment 2 

The Draize and LVET eye irritation determinations were performed on 6 rabbits per test material 
per method using coded samples and a random block design. The studies were GLP compliant. 
The results from the 6 rabbits in each test group can be distributed into 20 unique combinations 
of 3 rabbits. Three rabbits are now the standard for the Draize and LVET assays. One can then 
compare the irritation category for each of the 20 combinations. Below are shown the original 6-
rabbit category and the distribution of the categories of the 20 3-rabbbit categories. Only the 
EPA categories are shown for simplicity. These data illustrate the potential for rather disparate 
predictions when only one or two animals fail to recover among the six treated (see for example 
the Draize results for HZD or LVET results for HZI). 

Draize Test (Gettings et al, 1996) 
Code Name 6-rabbit Distribution of 3-rabbit categories 

# not 
cleared1 

Average days 
to clear2category EPA 

Cat I 
EPA 
Cat II 

EPA 
Cat III 

EPA 
Cat IV 

HZA Shampoo 7 I 16 4 0 0 2 12.3 
HZB* Liquid Soap 1 III 0 0 20 0 0 4.0 
HZC* Shampoo 1 III 0 0 20 0 0 5.2 
HZD* Shampoo 5 III 0 0 20 0 0 3.7 
HZE Gel Cleaner I 10 0 10 0 1 4.2 

HZF 
Baby Shampoo 
2 

I 16 4 0 0 2 10.5 

HZG* Shampoo 8 III 0 0 20 0 0 3.5 

HZH 
Eye Makeup 
remover 

IV 0 0 0 20 0 1.0 

HZI Skin Cleaner I 19 1 0 0 3 9.3 
HZJ Mild Shampoo IV 0 0 0 20 0 1.3 
HZK Bubble bath I 20 0 0 0 5 7.0 
HZL Foam Bath I 19 0 1 0 3 7.0 
HZM* Shampoo 3 III 0 0 10 10 0 2.3 
HZN* Shampoo 6 III 0 0 20 0 0 2.8 

HZP 
Baby Shampoo 
1 

III 0 0 19 1 0 2.7 

HZQ Cleaning Gel III 0 0 20 0 0 3.5 

HZR* 
Facial Cleansing 
Foam 

I 10 0 10 0 1 5.2 

HZS Shower Gel I 19 1 0 0 3 9.3 
HZT Polishing Scrub IV 0 0 0 20 0 1.0 
HZU* Hand Soap III 0 0 20 0 0 4.5 
HZV* Shampoo 4 III 0 0 20 0 0 3.7 
HZW* Liquid Soap 2 III 0 0 20 0 0 6.0 
HZX Shampoo 2 I 16 4 0 0 3 9.3 
HZY Shampoo AntiD I 16 4 0 0 2 12.3 
HZZ Facial Cleaner IV 0 0 0 20 0 1.0 

* Diluted to 25% in water before testing 
1 Number of animals that did not recover by 21 days 
2 The average number of days to clear in those animals that did clear by 21 days 
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LVET (Gettings et al, 1998)  
Code Name 6-rabbit Distribution of 3-rabbit categories 

# not 
cleared1 

Average days 
to clear2category EPA 

Cat I 
EPA 
Cat II 

EPA 
Cat III 

EPA 
Cat IV 

HZA Shampoo 7 III 0 0 20 0 0 2.0 
HZB* Liquid Soap 1 IV 0 0 0 20 0 0.0 
HZC* Shampoo 1 III 0 0 20 0 0 2.0 
HZD* Shampoo 5 III 0 0 16 4 0 0.8 
HZE Gel Cleaner III 0 0 20 0 0 1.3 

HZF 
Baby Shampoo 
2 

III 0 0 20 0 0 2.8 

HZG* Shampoo 8 III 0 0 19 1 0 1.3 

HZH 
Eye Makeup 
remover 

IV 0 0 0 20 0 0.0 

HZI Skin Cleaner I 10 0 10 0 1 3.8 
HZJ Mild Shampoo IV 0 0 0 20 0 0.0 
HZK Bubble bath I 10 0 10 0 1 4.2 
HZL Foam Bath III 0 0 20 0 0 3.5 
HZM* Shampoo 3 III 0 0 19 1 0 1.0 
HZN* Shampoo 6 III 0 0 16 4 0 0.7 

HZP 
Baby Shampoo 
1 

III 0 0 10 10 0 0.3 

HZQ Cleaning Gel IV 0 0 0 20 0 0.0 

HZR* 
Facial Cleansing 
Foam 

III 0 0 16 4 0 0.7 

HZS Shower Gel I 10 0 10 0 1 5.4 
HZT Polishing Scrub IV 0 0 0 20 0 0.0 
HZU* Hand Soap III 0 0 16 4 0 0.8 
HZV* Shampoo 4 III 0 0 10 10 0 0.3 
HZW* Liquid Soap 2 III 0 0 20 0 0 2.3 
HZX Shampoo 2 III 0 0 20 0 0 4.2 
HZY Shampoo AntiD II 0 10 10 0 0 6.2 
HZZ Facial Cleaner IV 0 0 0 20 0 0.0 

* Diluted to 25% in water before testing 
1 Number of animals that did not recover by 21 days 
2 The average number of days to clear in those animals that did clear by 21 days 
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Attachment 3 

Many of us will remember the short fables of Aesop from childhood. Fables tend to be a bit 
dramatic with morals directed to the proper upbringing of children. Thus, the moral here should 
not be over interpreted to the subject at hand. The importance of this fable is to remind us of the 
importance of raising the alarm only for real danger least all alarms be ignored. 

“The Boy Who Cried Wolf, also known as The Shepherd Boy and the Wolf, is a fable attributed 
to Aesop (210 in Perry's numbering system[1]). The protagonist of the fable is a bored shepherd 
boy who entertained himself by calling out "Wolf!". Nearby villagers who came to his rescue 
found that the alarms were false and that they had wasted their time. When the boy was actually 
confronted by a wolf, the villagers did not believe his cries for help and the wolf ate the flock 
(and in some versions the boy). The moral is stated at the end of the fable as: 

Even when liars tell the truth, they are never believed. The liar will lie once, twice, and then perish when 
he tells the truth.” 

(From: http://en.wikipedia.org/wiki/The_Boy_Who_Cried_Wolf) 
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13. May 2009 

William Stokes, D.V.M., D.A.C.L.A.M.               

Director NICEATM,                 

National Toxicology Program,                     

P.O. Box 12233, MD K2-16              

Research Triangle Park, NC 27709 

 

Dear Dr. Stokes, 

This public comment is delivered in response to the Federal Register Notice 

Volume 74, Number 60, pages 14556 – 14557. It addresses the draft ICCVAM 

BRD on the Hen’s Egg Test on the Chorio-Allantois Membrane (HET-CAM) 

(March/April 2009) with the current Status of In Vitro Test Methods for 

Identifying Low End Irritancy. 

(http://iccvam.niehs.nih.gov/methods/ocutox/PeerPanel09.htm) 

 

Introduction: In the Preface ICCVAM experts remarked on the lines 478 ff that the hen’s 

egg test on the chorioallantoic membrane (HET-CAM) in a previous evaluation did not 

perform sufficiently to identify severe (irreversible) ocular irritants/corrosives using the EPA, 

United Nation Globally Harmonized System of Classification and Labeling Chemicals (GHS), 

and the European Union regulatory hazard classification system. This is in line with the 

findings of the German validation study (Spielmann et al. 1996, 24, 741-858, Kalweit et al. 

1990) and was the reason why the German outcome of the validation exercise proposed to 

use a combination of two methodologies to identify severe hazards more reliably. But proving 

such approach was not in the focus of the ICCVAM program. 

ICCVAM now is reviewing the validation status of the HET-CAM for the identification of non-

severe ocular irritants (that is, those that induce reversible ocular damage) and non-irritants. 

The Ocular Toxicity Working Group (OTWG) of ICCVAM and NICEATM has prepared a draft 

background review document (BRD) that summarizes the current status of this test 

methodology based on published and other submitted information. 

General remarks: In its Executive Summary the OTWG experts have summarized that the 

CAM has been proposed as a model for a living membrane, since it comprises a functional 

vasculature, which does mean that the structural tissue damage induced by irritant chemicals 

can best be observed by the beginning of vascular leakages (bleeding) (line 575ff). A 

second additional information of structural damage induced by irritant chemicals can be the 

coagulation of structural and functional tissue components like proteins und carbohydrates 

(e.g. after protein denaturation, i.e. loss of functionality and solubility (which must not be 

irreversible per se). “Coagulation” is not equal to “protein denaturation”. It can be the result 

of structural impairment (denaturation) of physiologically relevant gels accompanied by the 

loss of solubilisation and subsequent precipitation of structural constituents. This process can 

lead to cloudiness and/or opacity of originally clear and transparent gels playing obviously an 

important role in the visual process in the cornea.   

Both processes tissue and cellular damage (bleeding) and coagulation ((cloudiness/opacity) 

play a role in the ocular tissues, the conjunctivae as well as in the corneal tissue. 

Coagulation as characteristic part of the corneal opacity can easily be observed and play a 

major role in estimating the impact, i.e. the severity and duration of especially strong irritants 

in the Draize scoring system. Coagulation does not reflect all types of corneal damage per 

se, and vice versa the damage of cellular matrices in the cornea (“area of depth and injury”) 
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must not be accompanied by coagulation and consequently lead to opacity, these are two 

different qualities of damaging effects in the tissue. As a result there are two endpoints: i) 

vascular lyses, hemorrhages and bleeding that becomes visible, and ii) physicochemical 

damage and perturbation of transparent physiological gel matrices that become cloudy and 

opaque. 

The confusion of terminologies that appears to still exist not only in the executive summary of 

this BRD and therefore might have influenced the outcome of this analysis is also 

characteristic for some older HET-CAM protocols, and in particular for the oldest version 

proposed by Lüpke et al.. There exist a number of protocols and modifications thereof that 

partly uses additional endpoints like hyperemia and/or vascular lyses that cannot be clearly 

identified or differentiated without using special microscopic equipment. But often enough 

this was not verified in the protocols. In our experience vascular lyses was not considered to 

be a valid separate endpoint but the prerequisite of the easily observed bleeding. At a later 

state vascular structures can disappear (in particular if certain types of surfactants have been 

applied). Similar observations showed that hyperemia cannot be differentiate without stereo 

microscope from slight diffuse bleeding. But hyperemia when it really occurs (mostly after 

treatment with slightly to non-irritant chemicals with particular properties) can be depending 

on the dose and time reversible phenomena of the capillary vasculature of the chorioallantois 

tissue. 

Therefore it is not surprising that out of the large number of cited papers and procedures only 

few data sets seem to allow a comparison and subsequent biometrical analysis. As a result 

of this consideration there seem to be need to put together hemorrhages and vascular lyses 

for biometrical analysis and better leave out hyperemia for data analysis. 

Validation Data Base (Line 587ff): The definition of in particular chemical classes more than 

product classes is a complex task. Accordingly the table in Appendix A is not very 

consistent. Since the biometrical analysis has been performed according to chemical or 

product classes it is may have an impact on the results. Some out of many examples might 

be given for illustration:  

• Anisole is put into the classes; Ether and phenol, but  

• Phenol itself is classified as alcohol, therefore it is not clear whether phenols are 

considered as alcohol.  

• Glycerin (CASRN 56-81-5) is taken separately although it is a (German) synonym of  

• Glycerol having the same CASRN. (Compare also n-Butanol and Butanol) 

• Potato Starch is put into the class of “Hydrocarbons” although it belongs to the non-

irritant Carbohydrates.  

• Potassium Laurate seem to be the potassium salt of a fatty acid or carboxylic acid, 

but not a cationic surfactant, there are a lot of  

• Inorganic and organic salts among the chemicals that are summarized as carboxylic 

acids although they might act as an anion, which is an essential difference.  

Just to mention some aspects of classifying chemicals. The inorganic acids are not 

mentioned as such. This is of interest because strong acids organic and inorganic as well as 

alkalines must not be tested in vivo! - according to the OECD TG 405. A number of salts are 

classified as surfactants, may be because they act as such, but chemically they are organic 

salts like: Benzalkonium chloride and Sodium Dodecyl Sulfate. 

This issue may hold true also for the other BRDs not reviewed in this paper. This list needs 

to be reviewed very critical for refining the results. 

It seems to be more important from the viewpoint of applicability to sort the materials 

according to solubility in watery systems or in oil phases, as already done for the large 

document published in 1996 by Spielmann et al. in ATLA and several preceding papers, e.g.  

Kalweit et al. 1990, which contain all relevant parameters of the SOP which are missing in 

�

E-42

ICCVAM AMCP Evaluation Report



the Appendix B1 and which might comprise the largest set of consistent data in this 

background review document. 

This leads to the last remarks for the use of animals (BRD line 1900ff): In Appendix B1 it 

remains unclear how the days of embryonic development are counted. The process used to 

start after collecting the eggs, mostly with the artificial fertilization, and shipment to the 

laboratory, where then the start of the breeding is defined in a narrow slot before starting the 

breeding. Relevant are then the nine 24h-periods of breeding and development prior to 

testing in order to avoid the progress in the development of sensory nerve fibers. 

The remarks collected and presented here comprise a brief summery and due to the time 

constrains for public comments not all possible and necessary comments. 

Author:  Wolfgang J.W. PAPE, Raw Material Science, R&D Brands, Beiersdorf AG, 

Unnastrasse 48,  D-20253 Hamburg (Mail Box 562)               
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---------------------------------------------------------------------------

Subject: FR Notice Comments - 74FR14556 - Ocular Peer Panel Meeting 
Date: Friday, May 15, 2009 2:00 PM 

Below is the result of your feedback form. It was submitted by
 () on Friday, May 15, 2009 at 14:00:03 

Comment_date: May 15, 2009 

Prefix: Dr. 

FirstName: Robert 

LastName: Rapaport 

Degree: Ph.D. 

onBehalfOf: yes 

Title: Associate Director 

Department: Product Safety and Regulatory Affairs 

Company: The Procter & Gamble Company 

Country: USA 

Phone: 

EMail: 

Comments: May 14, 2009 
William Stokes, D.V.M. D.A.C.L.A.M. 
Director, NICEATM 
National Toxicology Program 
P.O. Box 12233, K2-16 
Research Triangle Park, NC 27709 

Dear Dr. Stokes, 

This public comment is provided in response to Federal 
Register Notice Volume 74, Number 60, pages 14556-14557 
requesting comments in the context of the public meeting 
of an independent scientific peer review panel on 
alternative ocular safety testing methods that will take 
place on May 19-21, 2009. 
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The Procter & Gamble Company fully supports the 
advancement of alternatives to animal testing. As such, it 
commends ICCVAM for undertaking this current activity on 
evaluation of in vitro eye irritation assays validation 
status and their use in tiered testing strategies for anti-
microbial products. It is also noteworthy that the 
Top/Down-Bottom/Up approach: eye irritation testing 
strategy to reduce and replace in vivo studies was 
recently accepted for publication in the peer-reviewed 
scientific literature (Scott et al. Toxicology In Vitro, 
accepted for publication). 

However, given the extensive industry experience and 
collective historical data on LVET that exist and which 
are not fully reflected in the LVET Summary Review 
Document (SRD), the Procter & Gamble Company would like to 
raise concerns on this and provide additional technical 
perspective for consideration by the peer review panel. 

This public comment is specifically related to use of 
historical and published LVET data to support use of this 
assay as an acceptable in vivo reference standard against 
which to compare in vitro assays used in a tiered testing 
strategy for anti-microbial products. It will seek to 
provide additional information and perspective on specific 
comments made in the draft ICCVAM SRD: The Low Volume Eye 
Test (LVET) dated April 1, 2009 that was published on the 
NICEATM-ICCVAM website. 

It is structured to provide a summary of its conclusions 
followed by specific detailed responses for your 
consideration to identified focus areas mentioned at 
different points throughout the LVET SRD on which 
questions are raised concerning use of LVET as an 
acceptable reference standard in the context of this 
ocular methods/approaches review. Each focus area 
addressed includes line references within the LVET SRD 
where the questions arise). 

Summary of public comment 

There exists an extensive historical LVET database that 
supports use of such existing LVET data as an appropriate 
in vivo reference standard against which to compare in 
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vitro assays within the context of the current ICCVAM 
review “Use of In Vitro Methods in a Tiered Approach for 
Ocular Hazard Identification of Anti-Microbial Products”. 
Furthermore, this dataset provides data for several 
characteristics of the assay that are key to scientific 
acceptance of historical and available LVET data. This is 
in the context of domains of applicability for which the 
data support its use in a WoE approach as a valid and 
relevant predictor of eye irritation and as such in vivo 
reference standard against which to compare in vitro 
assays. These are: 

o Anatomical and physiological basis for choice of 
10 uL as an appropriate dose volume 
o Ability of 10 uL dose volume to effectively 
discriminate between materials of different eye irritancy 
potential 
o Ability of LVET to detect the range of ocular 
responses from innocuous to severe 
o Ability of LVET to correctly predict known severe 
human eye irritants 
o Over-prediction of the human response by LVET, but 
to a lesser extent than the Draize test, thereby remaining 
a conservative evaluation of eye irritation potential 
o Correlation of LVET dosing procedure with the 
human response in clinical studies 
o Correlation of LVET data and human experience data 
from industrial accidents and consumer accidental exposure 
for the same consumer products 

Most recently, use of LVET as an appropriate in vivo 
reference standard against which the Isolated Chicken Eye 
(ICE) Test was compared to establish the latter as a 
suitable in vitro assay to determine eye irritation 
potential of household cleaning products was accepted for 
publication in the peer reviewed scientific literature 
(Schutte et al. Regulatory Toxicology and Pharmacology, 
accepted for publication). 

Comments on identified focus areas within the LVET SRD 

1. The nature and range of irritancy of substances 
tested in LVET. It is reported in the SRD that the 
majority of LVET data has been generated on surfactant-
based mixtures or products which produce only a mild 
irritant response or no response [lines 280-281]. 
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Furthermore, it is reported that there is no information 
on the performance of known corrosives in the LVET [lines 
285-286]. 

It is recognised that a significant amount of the 
historical LVET data available is for surfactant-based 
materials and surfactant-based products. This reflects the 
original purpose for development of the LVET as a modified 
Draize test that better predicts the human response from 
accidental ocular exposure to detergent and cleaning 
products. In the development of LVET and its use as the in 
vivo reference standard in the mechanisms of eye 
irritation work conducted by Maurer, Jester and others, 
the range of materials tested in LVET extends well beyond 
only surfactant-based materials and surfactant-based 
products. 

The work conducted by Griffith et al. (1) in the early 
stages of its development used a range of chemicals 
including solvents, acids, alkalis, surfactants, 
aldehydes, amines and general chemicals that were grouped 
into four irritancy categories (innocuous/non-irritant, 
moderate, substantial and severe irritant/corrosive) based 
on human experience derived from literature e.g. Grants 
Toxicology of the eye (2), occupational incidents within 
the industrial setting, Poison Control Centre (PCC) data 
and reports of consumer exposures to detergent and 
cleaning products. What should not be in question is that 
known human ocular corrosives/severe irritants were 
included in this chemical dataset namely acetic acid 
(10%), NaOH (10%), Ca(OH)2 (100%) and formaldehyde (38%) 
which have all been identified as ocular corrosives/severe 
irritants in the human eye. For all of these chemicals, 
both the LVET and Draize in this study identified them as 
ocular corrosives/severe irritants. 

Similarly, the chemical set used in the mechanisms of eye 
irritation work by Maurer et al. (3) and Jester (4) 
included acids, alkalis, alcohols, ketones, peroxides, 
aldehydes, bleaches, solvents, peroxides as well as 
surfactants (anionic, non-ionic, cationic). Several of 
these materials were identified by LVET as being severe 
eye irritants, some of which again are known human ocular 
corrosives (e.g. NaOH). 

Furthermore, the publication by Cormier et al. (5) 
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identified 70 parallel LVET and Draize tests conducted on 
53 surfactant-based detergent and cleaning and personal 
care products. Within this historical dataset, LVET 
identified products that were not classified, irritant and 
severe irritant. Given the nature of the products, it is 
logical and expected that most of these products were 
identified as NC. However, it is important to recognise 
that LVET was capable of identifying products within this 
dataset that did merit irritant classifications. 

From this it can be concluded that the retrospective 
historical and available LVET dataset is: 1) based on a 
range of substances from different chemical classes and 
consumer products from different product categories; 2) 
spans the range of irritancy from innocuous to severe and 
3) includes known human ocular corrosives. 

2. Comparative traditional Draize rabbit data with 
which to evaluate the accuracy of the LVET are only 
available for limited types and numbers of substances 
(i.e. surfactant-containing personal and household 
cleaning products and comparative human data from clinical 
studies and accidental exposures proposed to support its 
accuracy are largely with substances that are mild or non-
irritating [lines 300-305]. 

Parallel datasets that compare the traditional Draize test 
with LVET for the same substances are available for both 
surfactant-based and non-surfactant-based 
substances/products. Such datasets are reported in the 
publications by Griffith et al. (1) for a range of 
chemicals that include solvents, acids, alkalis, 
surfactants, aldehydes, amines and general chemicals and 
by Cormier et al. (5), Freeberg et al. (6, 7, 8) and 
Gettings et al. (9, 10) for surfactant-based products. 

Indeed, it is the original work by Griffith et al. (1) 
that investigated dose response characteristics with 
increasing dose volumes (10 uL, 30 uL, 50 uL and 100 uL). 
These investigators demonstrated statistically that 10 uL 
was the most effective dose volume for discriminating 
between substances with different levels of irritancy 
(defined by National Academy of Sciences (NAS) and Federal 
Hazardous Substances Act (FHSA) criteria) from innocuous 
to severe. Furthermore this study identified that: 1) a 10 
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uL dose volume is capable of detecting the same range of 
tissues (cornea, iris, conjunctiva) and severity of 
effects as in the Draize test; 2) correctly classified 
materials identified as non-hazardous and hazardous 
(except SLS (40%)) in humans and 3) demonstrated that 30 uL and 100 uL dose 
volume in rabbits over-classified 
materials identified as non-hazardous in humans. 

The Cormier et al. (5) work used a historical dataset of 
70 Draize-LVET studies on surfactant-based products to 
evaluate, by regression analysis, the linear relationship 
of LVET to the Draize test. This work established that 
LVET gives responses that are linearly correlated to the 
Draize test. Within this historical dataset, LVET 
identified products that were not classified, irritant and 
severe irritants. 
The studies by Freeberg et al. used parallel Draize-LVET 
datasets that were compared with clinical data for the 
same surfactant-based products in one study (7) and with 
human experience from industrial accidents and follow-up 
of consumer accidental exposures in two other studies (6, 
8). In their correlation of the Draize-LVET dataset to 
clinical data (7), four different surfactant-based 
consumer products (undiluted liquid fabric softener, 20% 
liquid shampoo, 10% liquid hand soap and 4% liquid laundry 
detergent) were dosed at both 10 uL (LVET dosing) and 100 
uL (Draize dosing) in the rabbit and humans. Though formal 
classifications were not calculated for the products at 
the time of this study, retrospective classification has 
identified that rabbit LVET and Draize tests both 
identified the liquid laundry detergent tested undiluted 
as a severe eye irritant (R41). This further addresses a 
comment in the SRD that only non- or only mild irritants 
have been tested in LVET. 

In the Freeberg et al. work that used parallel Draize-LVET 
datasets compared with human experience from industrial 
accidents/follow-up of consumer accidental exposures, 29 
detergent and cleaning products were included in one study 
(6) and 14 detergent and cleaning products and personal 
care products in a second study (8). The formulations that 
were included in these evaluations were reflective of 
product formulations in development and/or marketed to 
consumers and were identified as mild-moderate irritants 
on the basis of Maximum Average Scores (MAS) and Time-To-
Clear for ocular responses. 

�

E-75

Appendix E – FR Notices and Public Comments



From this it can be concluded that several historical 
parallel LVET-Draize datasets are available and published 
in the scientific literature that cover surfactant-based 
materials and products as well as different classes of 
chemicals including solvents, acids, alkalis, surfactants, 
aldehydes, amines and general chemicals. In all of these 
rabbit LVET-Draize parallel datasets, the Draize test 
produced more severe responses in terms of ocular tissues 
involved (cornea, iris, conjunctiva), severity and 
persistence of ocular effects than LVET. Since this 
response addresses availability of rabbit LVET-Draize 
datasets, correlation to the human response is not 
discussed here but is addressed in point 4 below. The data 
from these studies also support the conclusion that the 
range of irritancy of materials addressed in these 
historical parallel LVET-Draize datasets is from innocuous 
to severe. 

3. A comparison of the substances that have been 
classified by the Draize rabbit eye test as ocular 
corrosives or severe irritants that have also been tested 
in the LVET indicates that the LVET routinely under-
predicts the ocular corrosive or severe irritant response 
in the Draize in many cases by more than one hazard 
category. This is illustrated by the results of Gettings 
et al (1996) in their evaluation of 25 surfactant-
containing formulations [lines 422-427]. 
The above statement makes the assumption that the Draize 
classification is the correct classification for the 
surfactant-containing formulations tested by Gettings et 
al. (9, 10) and does not take into consideration that the 
Draize classification for these surfactant-containing 
products could be over-predictions. Some examples of the 
surfactant-containing formulations classified as EPA 
Category 1 (corrosive) by the Draize test from the 
Gettings et al. study (9) are a baby shampoo, bath foam, 
gel cleanser and facial cleansing foam. Such products 
included in this study were not prototypes nor were they 
products rejected for marketing due to excessive eye 
irritation but were formulations that were representative 
of those product types in the marketplace at that time for 
which accidental eye exposure would have undoubtedly been 
expected to occur. Formulation details for these products 
are publicly available and a review of these formulations 
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based on their chemical composition would not indicate 
that these products would be corrosive to the eye. 
Furthermore, a corrosive classification is not borne out 
by the human experience that has occurred over many years 
for these types of surfactant-containing cosmetic products 
marketed by several companies. It is reasonable to expect 
that if a baby shampoo was truly corrosive then marketing 
of such a product over many years by several companies 
would have resulted in reports of serious eye effects from 
accidental eye exposure being detected in the human 
experience. This is simply not the case. 
It is also interesting to note that it is often the result 
of a single in vivo assay that is used in the correlation 
of in vitro assay data with the in vivo reference 
standard. This does not take into account the inherent 
variability of the in vivo test since without the results 
of multiple tests it is difficult to assess test 
variability. One of the few studies to take this into 
account is the CTFA Phase III study which used bootstrap 
re-sampling to estimate the within group variability for 
each test material. Since the Draize test has evolved over 
time from a 6 animal test to the current 3 animal test it 
is possible, from the CTFA Phase III study, for each test 
material, to break down the in vivo 6 animal tests into 20 
unique combinations of 3 animal groups. It is then 
possible to determine a classification for each 3 animal 
group and identify the number of sub-groups in each 
classification class. To illustrate this point, test 
material HZE (gel cleanser) has been chosen from the CTFA 
Phase III study. 
This test material is identified in the LVET SRD in Table 
4-3 [line 449] as having a classification of EPA Category 
I based on the Draize test and EPA Category III based on 
LVET. An analysis of the 20 unique combinations of 3 
animal groups from the 6 animal Draize test for this 
material identifies that 10 of the possible 20 
combinations yield a classification of EPA Category I 
(corrosive) but interestingly the other 10 possible 
combinations yield a classification of EPA Category IV 
(non-irritant). This demonstrates that if a single 3 
animal Draize test had been conducted there would be an 
equal chance of identifying the gel cleanser as a non-
irritant or corrosive. Conducting this same exercise for 
test material HZE (gel cleanser) tested in the 6 animal 
LVET identifies all 20 unique combinations of 3 animal 
groups as having a classification of EPA Category III. 
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The example chosen here simply to illustrate the point is 
one of the more extreme cases but this does demonstrate 
the importance of understanding variability in the in vivo 
assays. As such, this does lead to a question on test 
variability and correct prediction of classification when 
the in vivo reference standard is subject to such inherent 
variability. 

4. Comparative human data from clinical studies and 
accidental exposures proposed to support accuracy of LVET 
are largely with substances that are mild or non-
irritating [lines 303-305]. 

The work of Griffith et al. (1), Cormier et al. (5) and 
Freeberg et al. (6, 7, 8) discussed above demonstrates 
that LVET is capable of identifying severe irritants and 
does so in the experimental setting including for those 
materials tested that are known to be corrosives/severe 
irritants in humans. 

The purpose of comparing LVET to human data from clinical 
studies using the same test materials and to human 
experience data from industrial and consumer accidental 
exposures was to: 1) understand the predictive capacity of 
LVET relative to the human response for the consumer 
product categories involved and 2) determine whether use 
of LVET provides a conservative evaluation of eye 
irritation potential that still over-predicts the human 
response but less so than the Draize test. As such, taking 
into account both ethical considerations for the conduct 
of human studies and the nature of the consumer product 
types involved, it is entirely to be expected that such 
LVET to human clinical/experience data should have been 
generated with materials/products that are in the mild-
moderate range of irritancy. No other data can be expected 
here. This does not detract from the wealth of information 
that can be established from such studies in which mild-
moderate irritants have been evaluated in this way. Key 
conclusions from such studies include the following: 

o Draize (100 uL) dosing in the rabbit over-
predicted the human response to 100 uL test material. 

This was established as early as 1965 and 1969 by Beckley 
et al. who conducted two in vivo-clinical study 
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comparisons in which rabbits and humans were exposed to 
100 uL of an undiluted dishwashing product in study 1 (11) 
and a 5% soap solution and undiluted liquid household 
cleaner in study 2 (12). In both studies, effects in 
humans were only or primarily conjunctival whereas effects 
in the rabbit Draize test were more severe (tissue type, 
severity and persistence of effects). 

Freeberg et al. (7) went on the confirm this in an in vivo-
clinical study comparison in which four consumer products 
(100 % liquid fabric softener, 20% liquid shampoo, 10% 
liquid hand soap and 4% liquid laundry detergent) were 
tested using LVET (10 uL) and Draize (100 uL) dosing in 
both rabbits and humans. Effects in humans with Draize 
(100 uL) dosing were primarily conjunctival and transient 
whereas effects in rabbits using Draize (100 uL) dosing 
were more severe (tissue type, severity and persistence of 
effects). 

o LVET (10 uL) dosing in the rabbit over-predicted 
the human response to 10 uL and 100 uL test material. 

This was established in the same in vivo-clinical 
comparison study conducted by Freeberg et al. (7) as 
mentioned in the paragraph immediately above. Again 
effects in humans using LVET (10 uL) or Draize (100 uL) 
dosing were primarily conjunctival and transient whereas 
effects in rabbits using LVET (10 uL) dosing were more 
severe (tissue type, severity and persistence of effects) 
although less so than with Draize (100 uL) dosing in the 
rabbit. 

Ghassemi et al. (13) went on to confirm this in an in vivo-
clinical study comparison in which a liquid household 
cleaner was tested undiluted in rabbit LVET and in humans 
using LVET (10 uL) and Draize (100 uL) dosing. Effects in 
humans were only conjunctival and transient whereas 
effects in the rabbit LVET were more severe (tissue type, 
severity and persistence of effects). 

o LVET dosing in the rabbit over-predicted the human 
response using equivalent LVET dosing in humans. 

The in vivo-clinical study comparison conducted by 
Roggeband et al. (14) with two detergent and cleaning 
products dosed 1 uL of undiluted dishwashing liquid and 3 u 
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L of undiluted liquid laundry detergent in rabbits and 
humans. The dosing volume was established based on ethical 
considerations in a pilot clinical study and then applied 
to both rabbits and human in the main study. Effects in 
humans were primarily conjunctival with any corneal 
effects being minimal and transitory. More severe effects 
(tissue type, severity and persistence) were observed in 
the rabbit. For additional perspective, the dishwashing 
liquid and liquid laundry detergent tested were 
formulations that were representative of such products in 
the marketplace at that time. In the EU, both products 
would be classified as R36 (irritant) based on LVET data. 

From all of these studies, irrespective of the 
classification of the products involved, key conclusions 
are that: 1) the severity of effects resulting from Draize 
(100 uL) dosing in the rabbit is greater than that seen 
with LVET (10 uL) dosing in the rabbit and 2) both LVET 
(10 uL) and Draize (100 uL) dosing in the rabbit over-
predict the human response in terms of ocular tissues 
involved, severity of effect and persistence of effect, 
however the degree of over-prediction observed with LVET 
(10 uL) dosing in the rabbit is less than with Draize (100 
uL) dosing in the rabbit. 

5. Accidental exposures are not generally considered 
to be a reliable source of the true ocular hazard 
potential since such exposures are likely immediately 
followed by flushing the eyes with large volumes of water 
and may not represent the most severe lesion that might be 
produced by such an exposure [lines 461-464] 

Human experience from industrial and consumer accidental 
exposures is an important source of data that can be 
integrated in a Weight of Evidence approach to 
establishment of reference standards. It is recognised 
that human experience data have strengths and limitations 
and clearly depend of the quality, robustness and amount 
of data available. 

Three studies that compare LVET with such human experience 
data are cited in the published scientific literature. The 
first is a study by Freeberg et al. (6) in which parallel 
Draize-LVET datasets were compared with human experience 
from industrial accidents/follow-up of consumer accidental 
exposures for 29 detergent and cleaning products. This was 
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followed by a second study for 14 detergent and cleaning 
products and personal care products (8). The formulations 
that were included in these evaluations were reflective of 
product formulations in development/marketed to consumers 
at that time and were identified as mild-moderate 
irritants on the basis of MAS scores and Time-To-Clear for 
ocular responses. Both studies were designed with 
reporting criteria to maximise quality and consistency of 
data. Such acceptance criteria included having at least 
two human exposure data points for each accidental 
exposure and a known Time-to-Clear for resolution of 
ocular effects. In the first study (6), for a two year 
period covering 1979-1980 the authors found 284 exposures 
to 23 undiluted products that met the defined acceptance 
criteria. In addition, 231 employee accidental exposure 
reports involving 24 products were available providing an 
overall total of 515 reports for 29 products. Using the 
parameter of Time-to-Clear, analysis of the data 
identified that in the vast majority of cases, ocular 
effects resolved within 4 days with no reports of 
permanent eye damage. Correlation of the rabbit Draize 
and LVET data for the 29 products involved identified that 
the LVET data whilst still over-predicting the human 
response was less so than the Draize test. This was 
confirmed in the follow-up study by Freeberg et al. (8) in 
which human experience data were collected over 18 months 
from mid-1983 to end-1984 for 218 accidental exposures for 
14 detergent and cleaning products of 7 different types 
that met acceptance criteria further refined from the 
first study. In this second study, the longest time for 
complete recovery after any human exposure incident was 4 
days. 

More recently, Cormier et al. (15) reported a similar 
study comparing LVET to human experience from consumer 
contacts for a total of 24 products from different 
categories of detergent and cleaning products over the 
time period of 1895-1992 for which LVET data were also 
available. The data from this study confirmed the 
conclusions of the Freeberg et al. studies (6, 8) by 
identifying that LVET, while still being over-predictive, 
better predicts the human response from consumer 
accidental eye exposure to different categories of 
consumer products. 

These studies are combined with data from other human 
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experience data sources such as those from: 1) national 
and regional Poison Control Centres (e.g. Soap and 
Detergent 1974-75 and 1976 Intermountain Regional Poison 
Control Centre studies, Pittsburgh Poison Control Centre 
1986-1990 study); 2) the National Electronic Injury 
Surveillance System (NEISS) 1980-1991 study) and 3) 
individual company and industry association co-ordinated 
post-marketing surveillance data. 

All of this adds up to in excess of 30 years of human 
experience data that exist for types of consumer products 
supported by LVET. These human experience data demonstrate 
that human accidental exposures to such consumer products 
involve primarily conjunctival effects with any corneal 
effects being minimal and transitory and with full 
resolution of ocular effects in the vast majority of cases 
being within just a few days. This is a very substantial 
database that should form part of the WoE approach that 
correlates LVET back to the human response from accidental 
exposure to consumer products 

Indeed there is precedence in the field of herbal 
medicines in the EU for use of such human experience data 
in a WoE approach. 

To promote consumer safety, the European Commission 
introduced legislation which requires all unlicensed 
traditional herbal medicinal products intended for human 
use to be registered (Directive 2004/24/EC) (16). One of 
the issues with subjecting herbal medicinal products to 
the same level of regulatory compliance afforded 
pharmacologically active medicinal products was the 
recognition that many traditionally used medicinal 
substances may have limited formal safety and clinical 
efficacy data associated with their use and little 
demonstrated by contemporary clinical and toxicological 
methodologies and practices. Where this has been 
demonstrated, such products have received medicinal 
product marketing authorizations. Retrospective imposition 
of clinical and toxicological requirements on 
manufacturers of such products would in all probability 
remove products from the market that have many years of 
demonstrable safety associated with established use. 

To address this, the European Commission decided to create 
a legislative framework for a pragmatic assessment of 
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clinical efficacy and safety based on the principles of 
well-established use. Under Directive 2004/24/EC (16), if 
the regulatory authorities determine that sufficient 
product knowledge exists, applications can be made without 
the usual dossier information on safety and efficacy 
associated with medicinal products, and is replaced with a 
bibliographic review and expert reports to prove that the 
herbal medicinal product (or an equivalent medicinal 
product) has been in medicinal use as a traditional 
medicinal product in the European Union for a period of at 
least thirty years (or 15 years in the EU plus 15 years 
outside of the EU). 

From this is can be concluded that the extensive human 
experience database which covers more than three decades 
is a legitimate data source to support use of LVET as an 
appropriate in vivo reference standard for the domains of 
applicability for which such retrospective historical and 
available data exist. 

6. Since its original development, proponents of the 
LVET have suggested that it is a more appropriate in vivo 
reference test method for comparisons to in vitro data 
than is the Draize rabbit eye test. This is primarily 
based on the assertion that the LVET is more 
representative of the human response to a potential ocular 
hazard than the Draize test, given that the site (corneal 
surface) and volume of exposure used in the LVET more 
closely resemble that of accidental human exposure than 
does the Draize [lines 400-405]. 

Dose volume is one of the most influential factors that 
contributes to over-prediction of the human response by 
the Draize test reported in the scientific literature. The 
volume of test material instilled into the lower 
conjunctival sac of the rabbit in the Draize test is 100 u 
L. This amount exceeds the volume capacity of the rabbit 
eye lower conjunctival sac that can maximally hold ~80 uL 
without blinking (17). When 100 uL of test material are 
placed in the lower conjunctival sac of the rabbit eye, 
the excess would be expected to spill from the eye. This 
is actually what is observed in the experimental situation 
by investigators conducting the Draize Test (18). 

Since the tear volume in both the rabbit and humans is 
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very similar at approximately 7 uL (19, 20) and the volume 
capacity of the human eye is 10 uL after blinking (17, 
21), this would indicate, from an anatomical/physiological 
viewpoint, that 10 uL is an appropriate choice of dose 
volume for the in vivo rabbit test. Taking these 
anatomical/physiological data into account, it is clear 
that the 10 uL volume is more than the volume that can be 
in direct contact with either the rabbit or the human eye 
i.e. more than the total tear volume. 

In terms of understanding the volume of material that can 
contact the human eye in an accidental exposure, it is 
reasonable also to take the blink reflex into account. 
Spontaneous blinking continues throughout the waking state 
and ensures that the continuously secreted tears are 
adequately distributed across the exposed ocular surface 
at all times. In the human, the spontaneous blink rate is 
about 12-20 per minute (22, 23) and serves to refresh the 
tear film at each blink. This is much more frequent than 
the spontaneous blink rate of about 3 blinks per hour in 
the rabbit (24). Adversive blinking in response to a 
foreign material contacting the surface of the eye is a 
natural, involuntary and extremely rapid, reflex response 
that is accompanied by a reflex secretion of tears. Since, 
the blink reflex is poorly developed in rabbits and highly 
developed in man, this contributes to an increased 
conservatism in an in vivo test such as the rabbit LVET or 
Draize test. 

Furthermore, the importance of dose volume and location 
have been recognised by international scientific 
organisations such as the National Academy of Sciences 
(NAS). In 1977, a National Academy of Sciences/National 
Research Council (NAS/NRC) committee on toxicology 
reviewed toxicological testing methods for household 
products for the Consumer Product Safety Commission (CPSC) 
(25). Whilst recognising that in vivo eye irritation 
methods have historically called for instillation of 100 u 
L (or solid equivalent) of a test material into the eye of 
the rabbit, they acknowledged that the comparative data 
from controlled exposures of humans and rabbits available 
at that time (e.g. Beckley et al. (11, 12) showed the 
responses of the rabbit eye to be much more severe and 
long-lasting injuries. They also acknowledged that the 
amount of material that actually contacts the ocular 
tissues in most accidents is probably considerably less 
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than 100 uL. They concluded that: 1) since the amount 
contacting the eye may be as important as the product 
composition in determining the ocular response, there 
seemed to be no basis for using a single arbitrary dose in 
an eye test and 2) the high dose of test material in the 
in vivo rabbit eye test may be an important factor in 
explaining the differences between the excessive responses 
observed in the Draize test and real-life responses 
observed in humans following accidental exposures to 
certain classes of products. Based on their review, the 
Committee suggested the possibility to include use of 
lower dose volumes in the in vivo test as a means to 
diminish the ocular irritancy response in the rabbit test 
enabling a better correlation to the estimated human 
accidental eye irritation response (25). The Committee 
also commented on the location for placement of the test 
material indicating that the desired dose should be 
applied to the eye in a manner that reflects the probable 
route of exposure. They recommended placement of the test 
material directly onto the cornea to better reflect 
conditions of accidental human exposure. Finally, the 
Committee advocated that advantage should be taken of any 
accidental human eye splashes with chemicals to establish 
some basis for comparison with animal data. 

As such, it is concluded that choice of 10 uL as the dose 
volume for LVET is supported by anatomical/physiological 
considerations between rabbits and humans. 

Though the Draize test has been used as the regulatory 
accepted in vivo eye irritation assay for decades and 
hence also as the only in vivo reference standard against 
which to validate in vitro eye irritation methods, there 
are, as with any assay, generally recognized limitations 
of the Draize test. Scientific publications describe 
challenges of the Draize test related to variability, 
subjectivity of scoring and over-prediction of the human 
response (26, 27, 28, 29, 30, 31). These challenges, added 
to concerns about animal welfare and a scientific desire 
to have available eye irritation assays that are based on 
better understanding of eye injury at the tissue and 
cellular level, have led researchers to investigate 3Rs 
alternative methods both in vivo (refinement) and in vitro 
(replacement) methods. LVET is a 3Rs refinement method. 

As such, the SRD comment detailed above that reads “Since 
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its original development, proponents of the LVET have 
suggested that it is a more appropriate in vivo reference 
test method for comparisons to in vitro data than is the 
Draize rabbit eye test” would perhaps be better reflected 
as proponents of LVET suggest that based on retrospective 
historical and available data that this test method is an 
appropriate in vivo reference standard for the domains of 
applicability for which the data support its use in a WoE 
approach. 

In conclusion, there is an extensive dataset of 
historically available LVET data that supports use of such 
existing LVET data as an appropriate in vivo reference 
standard against which to compare in vitro assays within 
the context of the current ICCVAM review “Use of In Vitro 
Methods in a Tiered Approach for Ocular Hazard 
Identification of Anti-Microbial Products”. Furthermore, 
it provides data for several characteristics of the assay 
that are key to scientific acceptance of available LVET 
data for domains of applicability for which the data 
support its use as a reference standard in a WoE approach. 
These are: 

o Anatomical and physiological basis for choice of 
10 uL as an appropriate dose volume 
o Ability of 10 uL dose volume to effectively 
discriminate between materials of different eye irritancy 
potential 
o Ability of LVET to detect the range of ocular 
responses from innocuous to severe 
o Ability of LVET to correctly predict known severe 
human eye irritants 
o Over-prediction of the human response by LVET, but 
to a lesser extent than the Draize test, thereby remaining 
a conservative evaluation of eye irritation potential 
o Correlation of LVET dosing procedure with the 
human response in clinical studies 
o Correlation of LVET data and human experience data 
from industrial accidents and consumer accidental exposure 
for the same consumer products 

To not use this extensive historical database on LVET to 
accept this assay as an appropriate in vivo reference 
standard for domains of applicability for which the 
available data support its use in a WoE approach against 
which to compare in vitro assays would indeed be a badly 
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missed opportunity to support progress to validation of in 

vitro eye irritation assays. 

I thank you for the opportunity to make this public 

comment and ask that it be made available before the 

independent scientific peer review panel on alternative 

ocular safety testing methods that will take place on May 

19-21, 2009. 

Yours sincerely, 

Dr. R.A. Rapaport, 
Associate Director, 
Product Safety & Regulatory Affairs, 
The Procter & Gamble Company 
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 () on Thursday, May 14, 2009 at 10:47:02
---------------------------------------------------------------------------

Comment_date: May 14, 2009

Prefix: Dr.

FirstName: Gerald

LastName: Renner

Degree: PhD

onBehalfOf: yes

Title: Director Science and Research

Department: Science

Company: Colipa, The European Cosmetics Association

Country: Belgium

Phone:

EMail:

Comments: May 14, 2009

William Stokes, D.V.M., D.A.C.L.A.M.
Director NICEATM,
National Toxicology Program,
P.O. Box 12233, MD K2-16
Research Triangle Park, NC 27709

Dear Dr. Stokes,

This public comment is delivered in response to Federal
Register Notice Volume 74, Number 60, Pages 14556-14557.
It provides some overview comments from the European
Cosmetics Association COLIPA on the Background Review
Documents (BRDs) published on April 1, 2009 indicates
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COLIPA's intention to be present at the public meeting of
the peer review panel meeting to be held on May 19-21,
2009.

COLIPA very much welcomes this activity of ICCVAM to
address the Validation Status of Alternative Ocular Safety
Testing Methods and Approaches.

As you are aware, COLIPA has been and remains very active
in the area of eye irritation alternatives. Our goal is
the development and validation of in vitro methods that
are more predictive of the human response through better
understanding of chemically induced mechanisms of eye
irritation. Our overall programme focuses on: 1)
development/optimisation of in vitro methods for
validation and 2) research on identification and
integration of evaluation endpoints based on mechanistic
understanding into existing/new in vitro test methods. In
light of this, we would like to offer the following
general overview comments:

•       We acknowledge that replacement of the in vivo
test will require combinations of in vitro assays. We
would welcome discussion on the possibility of statistical
approaches that will be necessary to allow decision making
from complex matrices of data on individual in vitro
assays and their domains of applicability in a tiered
testing strategy.

•       We would encourage primary use of specific domains
of applicability to define the acceptability of an in
vitro assay to predict a defined level of eye irritation.
This would favour more correct prediction of
classification using combinations of in vitro assays in a
tiered testing strategy.

•       We would welcome discussion on use of a Weight of
Evidence (WoE) approach to identify the in vivo reference
standard against which to validate in vitro test methods.
This would include discussion of the role of human
experience data from Poison Control Centres and industry
(cosmeto/pharmacoviligance) systems. Data from these
sources can span more than four decades.

•       We are presented with an important opportunity to
use a WoE approach to further retrospective analysis to
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validate alternative methods/strategies for eye irritation
and identify future research and validation needs.

•       Such retrospective analysis would allow us to
identify further research needs on mechanisms of
chemically induced eye irritation e.g. physiological
mechanisms involved in reversible injury which are key to
prediction of eye corrosives and severe eye irritants.

•       We would welcome further discussion on
harmonisation of approaches/activities for retrospective
validation of in vitro assays for eye irritation in the
context of the recently established International
Cooperation on Alternative Test Methods (ICATM).

---------------------------------------------------------------------------
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Subject: FR Notice Comments - 74FR14556 - Ocular Peer Panel Meeting 
Date: Friday, May 15, 2009 2:42 PM 

Below is the result of your feedback form. It was submitted by
 () on Friday, May 15, 2009 at 14:42:58 

Comment_date: May 15, 2009 

Prefix: Dr. 

FirstName: Sherry 

LastName: Ward 

Degree: PhD, MBA 

onBehalfOf: no 

Title: 

Department: 

Company: 

Country: USA 

Phone: 

EMail: 

Comments: Where are the stratified human corneal epithelial cell 
models? 

The following ATLA article provides a good overview of 
many of the ocular methods being reviewed this year by 

ICCVAM and ECVAM: 
Eskes, et al. (2005). Eye irritation. Altern. Lab. Anim. 
[ATLA] 33, Suppl. 1, 47-81. 

If you take the time to browse through this ATLA article, 
the one method you will notice that is missing from the 

2009 Ocular Panel review is the Gillette HCE-T Model (page 

57). 

I’d like to take this opportunity to correct a number of 
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errors present in the 2005 ATLA article section that 
describes the HCE-T model (page 57), and to provide some 
references for those who would like to learn more about 
the performance of that method for ocular toxicity 
testing. 

1) Key references were omitted from that review, and are 
provided below. 

2) The prevalidation study involved testing only 
surfactant-containing formulations, however, the 4-lab 
validation study included both surfactant formulations and 
surfactants. A summary of the prevalidation study results 
was published along with a detailed description of the 
mechanistic basis of the test method and the biological 
relevance of the model (Ward, et al., 2003). The 
validation study results were written up in the form of a 
Background Review Document, but the company decided to not 
submit or publish the results. 

3) Fields of application: The validation study focused on 
surfactant formulations and surfactants. A previous 
publication (Kruszewski, et al., 1997) provided the 
results of testing other chemical classes using this test 
method. 

Prior to the conduct of the validation study, cationic 
surfactants were identified as incompatible with the 
fluorescein permeability (TEP) assay, due to the mechanism 
of action of that kind of surfactant on the cells. 
Cationics fix the cells in place, but the cells are dead 
and permeable and therefore take up the fluorescein. This 
prevents a quantitative leakage of fluorescein through the 
cell layers into the basal chamber. Other cytotoxicity 
assays are compatible with the HCE-T model (MTT, lactate, 
etc.), and can be used for testing cationic surfactants. 

4) The HCE-T TEP method was useful for determining the 
ocular toxicity of substances across the range of in vivo 
ocular irritation, but may not have been sufficiently 
evaluated with severe materials which must be tested in 
diluted form when used in the 5 minute exposure protocol. 

5) The method was extremely sensitive, and substances 
causing slight differences in degree of irritation could 
be reproducibly distinguished. A different assay 
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(transepithelial electrical resistance, TER) which 
evaluates disruption to the surface cell tight junctions 
was an even more sensitive indicator of ocular injury. 

A battery of 3 endpoints was evaluated for a limited 
number of materials, and found to be even more predictive 
of the Draize score than the TEP data alone. 

The ATLA article says that “histomorphology can also be 
used as an endpoint.” In my opinion, histomorphology was 
very useful in understanding the mechanism of action of 
chemicals on the cells; I would not use it as an endpoint. 

6) On-going developments: None known, although the cells 
are available from the ATCC. ATCC reports for many years 
indicated that many companies and academic labs purchased 
and used the cells for research and internal testing 
applications. 

The membrane/culture insert used during these studies may 
no longer be available. Data developed before this 
membrane was selected for the HCE-T model showed that the 
cells grew and stratified equally well on several other 
commercially-available inserts (and poorly on some). 

7) INCORRECT last statement in ATLA article: The 
validation study was NOT restricted to surfactant-
containing formulations. Both the prediction model and the 
test materials consisted of surfactants and surfactant 
formulations. A major reason for limiting the study to 
these types of materials was the difficulty in getting a 
sufficient number of other types of test materials with 
quality in vivo data for the study. The error in this last 
statement is surprising considering that 3 of the authors 
on this paper were associated with and had direct access 
to all of the validation study documents and data. 

Summary: 
Newer versions of stratified human corneal epithelial cell 
models have been developed. They probably share many or 
all of the same characteristics as the HCE-T model, so the 
data and experience from prior studies using this model 
should be useful in guiding new validation studies. 

Key HCE-T References: 
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Ward, S.L. Gacula Jr., M., and Edelhauser, H.F. (2003). 
The Human Corneal Epithelial HCE-T TEP Assay for Eye 
Irritation: Scientific Relevance and Summary of 
Prevalidation Study Results. In: Alternative Toxicological 
Methods for the New Millennium. (Eds. H. Salem & S.A. 
Katz). CRC Press, Boca Raton, FL. pp. 161-186. 

Clothier, R., Orme, A., Walker, T.L., Ward, S.L., 
Kruszewski, F.H., DiPasquale, L.C., and Broadhead, C.L. 
(2000). A comparison of three cytotoxicity assays using 
the corneal HCE-T model. Altern. Lab Anim. 28, 293-302. 

Kruszewski, F.H., Walker, T.L. and DiPasquale, L.C. 
(1997). Evaluation of a human corneal epithelial cell line 
as an in vitro model for predicting ocular irritation. 
Fundam. Appl. Toxicol. 36:130-140. 

Ward, S.L., Walker, T.L., and Dimitrijevich, S.D. (1997). 
Evaluation of chemically-induced toxicity using an in 
vitro model of human corneal epithelium. Toxicol. In 
Vitro. 11, 121-39. 

Ward, S.L. (1996). Research needs for the development of 
improved alternatives to the Draize eye test. 
In “Replacing the Draize Eye Irritation Test: Scientific 
Background and Research Needs” by the ILSI Health and 
Environmental Sciences Institute Technical Committee on 
Alternatives to Animal Testing. J. Toxicol. Cut. Ocul. 
Toxicol. 15, 224-29. 

Kruszewski, F.H., Walker, T.L., Ward, S.L., and 
DiPasquale, L.C. (1995). Progress in the use of human 
ocular tissues for in vitro alternative methods. Comments 
on Toxicol. 5, 203-24. 

Kahn, C.R., Young, E., Lee, I.H. & Rhim, J.S. (1993). 
Human corneal epithelial primary cultures and cell lines 
with extended life span: In vitro model for ocular 
studies. Invest. Ophthalmol. Vis. Sci. 34:3429-3441. 

Documents submitted to NICEATM-ICCVAM: 

Gillette 12/6/99 BRD (1999). Prevalidation / Validation 
Study for the HCE-T TEP assay (Pre-study plan). 

Gillette 5/11/00 Report (2000). Responses to comments and 
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questions from the ICCVAM Ocular Toxicity Working Group, 
and modifications to the December 6, 1999 Background 

Review Document "Prevalidation / Validation Study for the 

HCE-T TEP Assay." 

Gillette 1/29/01 BRD. (2001). Prevalidation Study Results 

for the HCE-T TEP Assay Background Review Document. 

References for related human conjunctival epithelial cell 
model: 

Smit, E.E., Sra, S.K., Grabowski, L.R., Ward, S.L., and 

Trocme, S.D. (2003). Modulation of IL-8 and RANTES 

release in human conjunctival epithelial cells: Primary 

cells and cell line compared and contrasted. Cornea 22, 
332-337. 

Ward, S., Walker, T., Trocme, S., Hallberg, C., 
Kruszewski, F., and DiPasquale, L. (2000). A human 

conjunctival model for the evaluation of eye irritants. 
In: Progress in the Reduction, Refinement and Replacement 
of Animal Experimentation. (Eds: M. Balls, A.-M. van 

Zeller, and M.E. Halder). Elsevier Science B.V., 
Amsterdam. 
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June 22, 2009 

 
Chair and Members 
NTP Scientific Advisory Committee on 
   Alternative Toxicological Methods (SACATM) 
National Institute of Environmental Health Sciences 
P.O. Box 12233, MD EC-17 
Research Triangle Park, NC 27709 
 

Re: Pilot EPA/OPP Antimicrobial Cleaning Product 
Labeling Program vis-à-vis Report of the 
Independent Scientific Peer Review Panel on 
Alternative Ocular Safety Testing Methods 

 
Dear Dr. Freeman and SACATM Members: 
 

These comments are submitted on behalf of The Humane Society of the United States, 
Humane Society Legislative Fund, People for the Ethical Treatment of Animals and Physicians 
Committee for Responsible Medicine. The parties to this submission are national animal 
protection scientific and public interest organizations with a combined membership of more than 
12 million Americans, and longtime stakeholders in the 3Rs (replacement, reduction and 
refinement) efforts of US federal agencies and the interagency entities.  

 
We wish to advise the Committee of our strong support for a recent initiative by the US 

Environmental Protection Agency’s Office of Pesticide Programs (EPA/OPP) to implement a 
pilot eye irritation labeling program for antimicrobial cleaning products. As the federal agency 
responsible for establishing and implementing a regulatory scheme for the hazard labeling of 
pesticide products, it is fully within EPA/OPP’s purview to determine whether a test method or 
strategy is valid for a particular use within the scope of its regulatory activities. Such a decision is 
made especially straightforward when a method or strategy has been subject to the degree of 
validation to which the antimicrobials ocular labeling strategy has undergone. 

 
With this in mind, we respectfully encourage other US agencies to heed EPA/OPP’s 

example by reserving ICCVAM reviews for tests/strategies with multi-agency applicability, as 
well as by adopting a streamlined approach to agency acceptance of methods/strategies deemed 
scientifically valid in other regions of the world. 
 

Sincerely, 
 

Troy Seidle 
Director of Science Policy 
The Humane Society of the United States 

Sara Amundson 
Executive Director 
Humane Society Legislative Fund 

[Redacted]

[Redacted]
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– 2 – 

 

Martin Stephens, PhD 
Vice President, Animal Research Issues 
The Humane Society of the United States 
 

Kate Willett, PhD 
Science Policy Advisor 
People for the Ethical Treatment of Animals 
 

Chad Sandusky, PhD 
Director of Toxicology & Research 
Physicians Committee for Responsible Medicine 

 
 
cc:  Dr. L. Birnbaum 

Dr. D. Edwards 
 Dr. T. Levine 
 Dr. J. Fowle 

[Redacted]

[Redacted]

[Redacted]
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June 25, 2009 

Dr Mary S. Wolfe 

National Institute of Environmental Health Sciences 

PO Box 12233, MD A3-01 

Research Triangle Park, NC 27709 

Re: 74 FR 19562; April 29, 2009; National Toxicology Program (NTP); 

Office of Liaison, Policy and Review; Meeting of the Scientific 

Advisory Committee on Alternative Toxicological Methods 

(SACATM) 

Dear Dr Wolfe: 

People for the Ethical Treatment of Animals (PETA) is the world’s largest animal rights 

organization, with 1.7 million members and supporters. We appreciate the continued opportunity 

to comment regarding the NICEATM/ICCVAM 5-Year Plan, in this instance in commenting on 

the Draft Implementation Plan (hereafter referred to as the “Draft Plan”) by presenting oral 

comments at the meeting of SACATM June 25, 2009, and request the opportunity to submit 

formal written comments on the Draft Plan itself. 

General Comments 

We continue to believe that ICCVAM should focus its limited resources on methods that have 

applicability to more than one member agency. 

We are encouraged to see that ICCVAM has created a Research and Development Working 

Group (RDWG) whose task is to help NICEATM/ICCVAM identify and promote research that 

incorporates new technologies.  We and others, including SACATM’s internal review committee 

for the 5-year plan, strongly advocated for a pro-active element to ICCVAM for bringing 

developing methods to the table for further development and validation.  We will be anxious to 

learn the specifics about this committee including, for example, who the members of this 

committee, how they were selected, and a detailed plan for future activities. 

For several of the Priority Areas, sections titled “Specific Objectives” and “Planned Activities 

for Implementation contain generic descriptions.  It would be helpful if these sections contained 

some detail and context for the planned work, for example a summary of the state-of-the-art, 

how the planned activities will build on the existing foundation, and a description of the intended 

outcome of the activities. Similarly, descriptions of “Accomplishments” list past activities, such 

as “a peer review panel met” and “a report detailing the conclusions and recommendations 

resulting form this workshop is available.”   It would again be helpful if a summary of the 

outcome and conclusions of these activities was given, so that progress within a given area could 

be tracked. 

A general comment about the envisioned workshops: ICCVAM workshops, both in the past 

and planned, regardless of topic, have the same generic goals and consist of the same generic 

elements.  This organization does not inspire confidence that progress will be achieved; in fact, 
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as a case in point, these same goals and elements were used in the Workshop on Acute Chemical 

Testing: Advancing In Vitro Approaches and Humane Endpoints for Systemic Toxicity 

Evaluations, Feb 6 – 7, 2008.  In this workshop, there was no discussion of the results of 

previous ICCVAM (or other) workshops on the same topic, no presentation of previous or 

ongoing work on the subjects, and no context for the questions asked.  As a result the discussions 

were repetitive and did not substantially further the discussion topics. A more effective approach 

would be to tailor each workshop to the subject, beginning with the current state-of-the-art, 

inviting relevant experts that are at the forefront of the respective topics to be covered, and 

formulating discussion topics with defined goals in mind.  Such an approach should be applied to 

the many workshops proposed in the Draft Plan. 

General comments about Peer Reviews: Observers of two recent peer reviews,  a review of Five In

Vitro Test Methods Proposed for Assessing Potential Pyrogenicity of Pharmaceuticals and Other 

Products in February, 2007, and most recently an Evaluation of the Validation Status of Alternative 

Ocular Safety Testing Methods and Strategies in May, 2009 (described in detail below), noted some 

similar procedural difficulties. In both cases, it was evident from the Peer Review Panel (PRP) 

discussion that the panel did not have a comprehensive view of the subject it was reviewing and 

apparently misunderstood its charge. In both cases, panel members appeared unaware of the 

validation and acceptance procedures, the PRP’s role, or the ICCVAM process.  It appeared as 

though panel members were provided no background information on the state-of-the-art of the 

current procedures and methods; panel members appeared to have unreasonable expectations 

regarding details of the alternative methods without a clear understanding of the limitations of the 

current animal-based tests.  In addition, experts and stakeholders that were not allowed to interact 

with the panel, and were only allowed to comment after the panel had deliberated and made its 

recommendations.  Panel members were not aware that they could ask questions of the experts 

present. 

The peer review process could be greatly improved by providing the panel with 

appropriate background and context for review, along with a simple sent of focused 

questions for the review. 

A note on expedited review (lesson learned from pyrogenicity):  The European Center for the 

Validation of Alternative Methods (ECVAM) nominated five in vitro pyrogenicity methods to 

ICCVAM in June of 2005. Following an additional extensive and lengthy review that included a full 

peer review, ICCVAM issued its final recommendations in November 2008.  A comparison of the 
[vii]

letters written by then-Acting Director Wilson to US federal agencies  and the ECVAM Scientific 
[viii]

Advisory Committee statement, published in March of 2006,  reveals the conclusions of each 

committee to be nearly identical. Delays such as this are a waste of precious time and resources.  A 

much more expedited process is needed for reviewing methods that have already undergone 

extensive peer reviews. 

Specific Comments 

Challenge #1: Conduct and Facilitate Alternative Test Method activities in 

Priority Areas 

Biologics Testing 

2 
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The Goal and Specific Objectives in this section lack sufficient description to evaluate; however, 

there are a number of initiatives in this area that ICCVAM should take into account and build 

from when planning its activities, particularly the workshop mentioned.
123

Specifically, note 

should be taken of the progress made by the European Centre for the Validation of Alternative 

Methods (ECVAM) to validate the following: ELISA test for batch potency testing of tetanus 

vaccines for human use, Toxin Binding Inhibition (ToBI) test for batch potency testing of tetanus 

vaccines for human use, and ELISA test for batch potency testing of erysipelas veterinary vaccines, 

Newcastle Disease Virus (NDV) for veterinary use.  

In addition to implementing the ECVAM-validated methods, the European Directorate for the 

Quality of Medicines and HealthCare (EDQM) is seeking to make progress on the following vaccine 

potency tests: Pertussis, Tetanus, Diptheria, HepA, HepB, HPV-VLP, smallpox, Yellow Fever, IPV, 

TBE, among others.  If ICCVAM were to hasten the replacement of animal-based potency tests on 

these as well as other vaccine potency tests in the U.S., a great deal of animal testing would be 

avoided. 

EDQM has also made allowances for companies to avoid target-animal safety test (TAST) for batch 

safety testing of vaccines for veterinary use after an appropriate number of safety tests have been 

completed for consecutive batches.  The elimination of the target animal safety test for vaccine safety 

testing in the U.S. would harmonize with EU regulations thus allowing for a greater number of 

animal tests that would be avoided. 

Leptospirosis: It is not clear what the need is for ICCVAM review of Leptospirosis vaccine potency 

tests being used by the USDA; these methods have been deemed appropriate and are already in use 

by the USDA, and there is no other agency need for these tests. USDA Supplemental Assay 

Methods (SAM) 624, 625, 626, and 627 allow for the use of the sandwich ELISA method for 

serovars pomona, canicola, grippotyphosa, and icterohaemorragiae for Leptospira interrogans 

vaccines.  The successful implementation of these analytical methods (in lieu of the hamster test) has 

been verified by USDA as well as the pharmaceutical industry.456

Ocular Toxicity Testing 

As an accomplishment of 2009, ICCVAM describes the Independent Scientific Peer Review Panel 

Meeting: Evaluation of the Validation Status of Alternative Ocular Safety Testing Methods and 

Strategies, which was held May 19- 21, 2009.  This peer review was ostensibly in response to the 

submission of an approach to assess ocular irritation by a consortium of manufacturers of 

1
Hendriksen, C. Refinement, Reduction, and Replacement of Animal Use for Regulatory Testing: Current Best 

Scientific Practices for the Evaluation of Safety and Potency of Biologicals. 2002. ILAR Journal (43) S43-S48. 
2
 Cussler, K. et al. Humane Endpoints in Vaccine Research and Quality Control. 2002.  Altern. Lab Anim. 30(1):93-

108
3

Halder, M. et al. ECVAM’s Activities on Biologicals. 2002. ATLA 30:125-128. 
4
 United States Department of Agriculture Center for Veterinary Biologics Testing Protocol (SAM 624) 

Supplemental Assay Method for in vitro Potency Testing of Leptospira interrogans Serovar pomona Bacterins 
5
 United States Department of Agriculture Center for Veterinary Biologics Testing Protocol (SAM 625) 

Supplemental Assay Method for in vitro Potency Testing of Leptospira interrogans Serovar canicola Bacterins 
6
 United States Department of Agriculture Center for Veterinary Biologics Testing Protocol (SAM 627) 

Supplemental Assay Method for in vitro Potency Testing of Leptospira interrogans Serovar icterohaemorrhagiae 

Bacterins 

3 
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antimicrobial cleaning products (AMCP) and the Institute for In Vitro Sciences (IIVS). The 

consortium had been working for several years to develop and evaluate a completely non-animal 

method to assign ocular hazard categories required for EPA registration of AMCPs and the 

consortium kept ICCVAM apprised of its activities from very early in the process. 

1.   ICCVAM had been asked by EPA and the consortium to assess the general question of 

whether the proposed testing strategy would “assure EPA, with a reasonable degree 

certainty, that the Agency can make labeling decisions for antimicrobial cleaning products 

that appropriately inform the user?” 

a. ICCVAM had agreed to an expedited review; the extensive peer review therefore came 

as a surprise to the consortium. 

b. ICCVAM did not contact any of the participants in the consortium’s effort to present the 

logic behind the proposal to the Peer Review Panel. 

2.   As part of the review, ICCVAM took it upon itself to review the validation status of the “low 

volume eye test” (LVET) method, which is a refinement of the Draize rabbit test and is a 

method that provided some of the data for the consortium’s validation studies. 

a. The request additional review was unexplained since: 

b. European Centre for Validation of Alternative Methods (ECVAM) is currently 

reviewing this method 

c. ECVAM has compiled a comprehensive Background Review Document 

d. Only a subset of the data available to ECVAM is available to ICCVAM. 

e. The Draize test is known to significantly over predict the human response therefore 

f. the LVET method was specifically designed to be less sensitive that the traditional 

Draize test and more predictive of humans. 

3.The ICCVAM peer review panel concluded that it was necessary to change the scoring system 

of the LVET to replicate exactly the Draize results. 

a. The Panel recommended a full validation study be done using approximately 50 

chemicals to compare the LVET with the traditional Draize, 

b. enough data already exists to compare the two methods.  In addition, the Consortium 

provided both animal and in vitro data on more than 60 antimicrobial (or similar) 

cleaning products (which represent the major proportion of all AMCPs on the market) 

yet the Panel concluded that there were not enough data to make a determination. 

It was evident from the Peer Review Panel discussion that the panel did not have a comprehensive 

view of the subject it was reviewing and apparently misunderstood its charge
7
. The stakeholders that 

were present, including representatives from participants in the consortium, were only allowed to 

comment after the panel had finished its discussion and made its recommendations. The Panel itself 

was not instructed that it could ask questions of the consortium members; therefore any real debate 

or discussion was prohibited between consortium members and the Panel. 

In the meantime, due to the lack of progress of ICCVAM on this topic, the EPA has independently 

initiated a pilot program which will allow, under certain conditions, for the proposed non-animal 

testing strategy to be used to register AMCP with the EPA. 

7
 This is a continual concern within the ICCVAM process, and it has been raised by us on at least two other 

occasions, most notably with regard to the ICCVAM review of five in vitro pyrogenicity methods in February 2007. 

See below. 

4 
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While we also applaud the use of NIH Small Business Innovation Research (SBIR) grants to 

fund the development and validation of non-animal methods, we question the appropriateness of 

the use of the SBIR mechanism for the particular topics mentioned here: the use of an alternative 

corneal holder and the effect of modifying test method components on accuracy and/or 

reliability. These topics have been in the ICCVAM plan for years and are relatively simple 

straightforward assessments, yet are proposed for SBIR initiatives in 2009/2010, in which case 

no work would actually be done until 2011/2012 at the earliest. 

Acute Toxicity Testing 

The first three Specific Objectives listed in this section are the same objectives that were to have 

been addressed in the previous two ICCVAM workshops.  ICCVAM first considered in vitro 

methods for estimating actuate toxicity in 2000. Following an initial workshop, ICCVAM published 

a report suggesting follow-up: “Continued development and optimization of such systems (as gut 

absorption, BBB passage, key kinetic parameters, and metabolism) for this application should be 

encouraged and should receive regulatory support” as well as concluding “…if the commitment to 

conducting a formal validation study was strong enough, the scientific resources could be harnessed 

for this effort with facility and the in vitro tests studied proved good enough, a replacement test 

battery might be achieved in as short a time as 2-3 years.”
8
 To the best of our knowledge, none of the 

suggestions have been taken up. In 2008, ICCVAM finally issued recommendations to agencies that 

cytotoxicity methods could be used to set starting doses for acute toxicity testing.  As listed as an 

accomplishment for 2008, ICCVAM held a second workshop addressing these same issues.  In spite 

of these workshops, ICCVAM has made no progress toward replacing the use of animals in acute 

toxicity testing since it began working on this issue in 2000. 

Under “Planned Activities for Implementation,” the second point, work with stakeholders to 

promoted the collection and submission of in vitro and in vivo data in order to “advance the 

development and validation” of more predicitive in vitro test methods and more humane endpoints is 

too vague to be evaluated as a plan.  What, exactly, is to be done, and how will it be accomplished?  

It is not clear how the third point, namely, participation in a group evaluating biotransformation 

using human cells, will accomplish any of the Specific Objectives listed in this section. 

Endocrine Disruptors Testing 

One of the stated purposes for creation of ICCVAM was to validate methods for the EPA’s 

Endocrine Disruptor Screening Program (EDSP), yet not a single assay that is currently on the EDSP 

list has been evaluated by ICCVAM.  While it is a laudable goal for ICCVAM to review and 

validate appropriate assays, ICCVAM’s inaction in this area has driven the EPA to conduct its own 

validation exercises for methods not validated by Organisation for Economic Co-operation and 

Development Test Guidelines Programme (OECD) to be included in the Tier 1 battery of the 

Endocrine Disrupter Screening Program (EDSP).
9

8
 National Institutes of Health. 2001. Report of the International Workshop on In Vitro Methods for Assessing Acute 

Systemic Toxicity. NIH Publication No: 01-4499 

(http://iccvam.niehs.nih.gov/docs/acutetox_docs/finalrpt/finalall0801.pdf) 

9
 For a summary of test method validation and links to Peer Review Reports, see: 

http://www.epa.gov/endo/pubs/assayvalidation/status.htm (accessed 23 June, 2009). 

5 
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Meanwhile, ICCVAM’s review of the LumiCell estrogen receptor bioassay, which began over four 

years ago, has not been completed and the EDSP is continuing without this assay or the CertiChem, 

Inc., MCF-7 cell proliferation assay that is also under review by ICCVAM.
10

Challenge #2: Incorporating New Science and Technology 

Nanomaterials Testing 

Again, the workshop plan description is too generic to evaluate; however, any workshop in this area 

should take into account and invite participants from the large international efforts already 

underway.  A positive element of the plan for the one-day symposium to define activities within 

ICCVAM agencies is the explicit request for agencies to “identify current of new members with 

expertise specific to nanomaterials” to participate in the workshop. It would be beneficial to include 

such criteria in all ICCVAM activities. 

High Throughput Screening 

While the first part of the Specific Objective, “Facilitate the review of the usefulness and limitations 

of defined HTS approaches” would seem to be an appropriate action for ICCVAM, it is not clear 

what ICCVAM intends by the second part:  “and also assist in the identification of assays and 

endpoints that are relevant for alternative test methods that have already been adopted.” It is also not 

clear how the planned activates relate to or will accomplish the Specific Objective.  A major issue 

for the incorporation of HTS data in the regulatory process is to define when and were the data can 

be applied; this would involve detailed conversations with regulators akin to those initiated at the 

recent NAS Symposium on Toxicity Pathway-Based Risk Assessment: Preparing for Paradigm 

Change, held in Washington, DC on May 11 – 13, 2009 (which was attended by members of NTP 

but not of ICCVAM). 

Furthermore, evaluation of HTS and other battery approaches (such as the EDSP Tier 1 screening 

battery) is likely to require a different assessment paradigm than ICCVAM has developed for 

assessing individual tests; if ICCVAM is to be prepared to evaluate this rapidly evolving technology, 

this Implementation Plan should articulate the development of such an assessment strategy. 

Challenge #3: Fostering acceptance and Appropriate Use of Alternative Test Methods 

NICETAM-ICCVAM Website 

The current version of the website is quite an improvement in terms of ease of navigation and access 

to documents and timelines.  A significant contribution to the use of the information contained 

within ICCVAM’s documents would be to extract the data into searchable data bases like the 

ToxRefDB (or perhaps even incorporate the data into this NTP database).  ICCVAM’s website 

should also inter-link with the extensive website on implementation of the NRC’s Toxicity Testing 

10
Environmental Protection Agency. Agency Information Collection Activities; Submission To OMB for Review 

and Approval; Comment Request; Tier 1 Screening of Certain Chemicals Under the Endocrine Disruptor Screening 

Program (EDSP); EPA ICR No. 2249.01, OMB Control No. 2070-New [Federal Register Notice: April 15, 2009 

(Volume 74, Number 71, pages 17477-17479)] 

6 

�

E-106

ICCVAM AMCP Evaluation Report



for the 21
st
 Century currently being constructed by the EPA’s Pesticide Program Dialogue 

Committee. 

Not mentioned:  A prominent role for ICCVAM could be to facilitate the use of alternative 

methods within agencies via its members; agency representatives should have the ability to ensure 

implementation of ICCVAM-recommended methods within their agency. 

Challenge #4: Developing Partnerships and Strengthening Interactions with ECCVAM 

Stakeholders 

As no specifics are presented in this section, the same comments we provided for the Five-year 

Plan itself are appropriate for this section of the Implementation Plan: 

“This Chapter represents yet another missed opportunity. The draft Plan contains only 

descriptions of past approaches to developing partnerships and fostering interactions, 

with several promises to continue these same approaches, all of which again which have 

achieved very limited success over the past decade.  The point of requesting a 5 year plan 

is to re-strategize, to develop new approaches to improve and strengthen interactions. 

Again, several suggestions were provided in the animal protection community’s 

December 2006 comments, none of which have been incorporated into the draft Plan.” 

In conclusion, we hope ICCVAM will build on the suggestions contained in these comments to 

provide a more concrete and detailed implementation plan for its next five years. In addition, we 

also hope there will be an opportunity to submit formal comments on the Draft Implementation 

Plan. 

Sincerely, 

Catherine Willett, PhD 

Science Policy Advisor 

Regulatory Testing Division 

Research and Investigations Department 

People for the Ethical Treatment of Animals 

501 Front Street, Norfolk, VA 23510 

Tel/FAX: 617-522-3487 

[vii]
Letter from Samuel Wilson to Elias Zerhouni. Dated 23 October 2008. Available at: 

http://iccvam.niehs.nih.gov/methods/pyrogen/transmitNov08/ZerhouniLtrPyroF.pdf; Accessed 12 December 2008. 
[viii]

ESAC Statement on the Validity of In-Vitro Pyrogen Tests. Published 21 March 2008. Available at: 

http://ecvam.jrc.it/. Accessed 16 December 2008. 
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Appendix E3 

Scientific Advisory Committee on Alternative Toxicological Methods (SACATM) 
Comments 

SACATM Meeting on June 25-26, 2009 

 
The following is excerpted from the final minutes and speaker presentations of the SACATM meeting 

convened on June 25-26, 2009. The full meeting minutes are available online at: 
http://ntp.niehs.nih.gov/go/8202 
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Appendix F1 

Table of Relevant U.S. Federal and International Ocular Testing Regulations for 
Hazard Classification and Labeling 

 

Note to the Reader: 
Regulations may be updated in the future. It is recommended that users review the most current 

version of all regulations identified. 

 

Electronic versions of United States Code (U.S.C.) can be obtained at: 
http://www.gpoaccess.gov/uscode/index.html 

 

Electronic versions of the Code of Federal Regulations (CFR) can be obtained at: 
http://www.gpoaccess.gov/cfr/index.html 
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Eye Irritation/Corrosion Testing:  

Relevant U.S. Federal Laws, Regulations, Guidelines, and Recommendations 
Agency, 

Center, or 
Office 

Regulated 
Products 

Statutory 
Requirements 

Regulations 
(Applications) 

Guidelines and 
Recommendations 

CPSC Consumer 
Products 

Federal Hazardous 
Substances Act 

(U.S.C. Title 15, 
Chapter 47) 

16 CFR 1500.3 
(Definitions) 

16 CFR 1500.42 
(Test for Eye 

Irritants) 

16 CFR 1500.121 
(Labeling) 

Animal Testing 
Policy (1984) 

EPA/OPPTS 

Chemicals as 
defined by the 

Toxic Substances 
Control Act 

 
Pesticides 

Toxic Substances 
Control Act 

(U.S.C. Title 15, 
Chapter 53) 

 
Federal Insecticide, 

Fungicide, and 
Rodenticide Act  
(U.S.C. Title 7, 

Chapter 6) 

40 CFR 716 
(Safety Data) 

 
40 CFR 717 

(Adverse 
Reactions) 

 
40 CFR 720 

(Premanufacture 
Notification) 

 
40 CFR 156 
(Labeling) 

 
40 CFR 158 

(Pesticide Data) 

OPPTS 870.2400 
(1998)1 

 
Label Review 

Manual (2003)2 

continued 
 

                                                
1 See Appendix F2. 
2  Available at: http://www.epa.gov/oppfead1/labeling/lrm/. 
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Eye Irritation/Corrosion Testing:  
Relevant U.S. Federal Laws, Regulations, Guidelines, and Recommendations 

(continued) 
Agency, 

Center, or 
Office 

Regulated 
Products 

Statutory 
Requirements 

Regulations 
(Applications) 

Guidelines and 
Recommendations 

FDA/CFSAN 
 

FDA/CDER 

Cosmetics3 
 

Pharmaceuticals 

Federal Food, Drug, 
and Cosmetic Act  
(U.S.C. Title 21, 

Chapter 9) 
 

Public Health 
Service Act  

(U.S.C. Title 42, 
Chapter 6A) 

21 CFR 70 
(Color additives in 

food, medical 
devices, and 
cosmetics) 

 
21 CFR 312 

(IND Application) 
 

21 CFR 314 
(IND Approval) 

 
21 CFR 701 
(Cosmetic 
Labeling) 

 
21 CFR 740 
(Cosmetic 
Warning 

Statement) 

No Specific 
Guidelines or 

Recommendations 
on Eye 

Irritation/Corrosion 
Testing Are 
Provided. 

OSHA Chemicals 

Occupational Safety 
and Health Act of 

1970  
(U.S.C. Title 29, 

Chapter 15) 

29 CFR 
1910.1200 

(Hazard 
Communication 

Standard) 
 

16 CFR 1500.42 
(Test for Eye 

Irritants) 

No Specific 
Guidelines or 

Recommendations 
on Eye 

Irritation/Corrosion 
Testing Are 
Provided. 

 
 

                                                
3  FDA does not have authority for pre-market approval of cosmetics or cosmetic ingredients with the 

exception of color additives. However, the FDA may enforce action against products or ingredients that 
are in violation of Federal labeling laws, including provision of adequate safety information. 
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Relevant Ocular Testing Regulations for Hazard Classification and Labeling: 
European Union 

Regulated 
Products Regulations and Directives 

Substances and 
Mixtures 

Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 
16 December 2008 (CLP, Classification Labelling and Packaging), amending and 

repealing Directives 67/548/EEC (DSD, Dangerous Substances Directive) and 
1999/45/EC (DPD, Dangerous Preparations Directive), and amending Regulation 

(EC) No 1907/2006. 
 

Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 
18 December 2006 (REACH, Registration, Evaluation, Authorisation and 

Restriction of Chemicals) 

Plant Protection 
Products Council Directive 91/414/EEC of 15 July 1991 as amended 

Cosmetics Council Directive 76/768/EEC of 27 July 1976 as amended 

Biocidal 
Products 

Directive 98/8/EC of the European Parliament and of the Council of 16 February 
1998 as amended 

 
 
 

Relevant Ocular Testing Regulations for Hazard Classification and Labeling: 
United Nations Globally Harmonized System  

of Classification and Labelling of Chemicals (GHS) 

Scope Legal Instruments and Recommendations 

Chemicals 
(Substances and 

Mixtures) 

Globally Harmonized System of Classification and Labelling of Chemicals (UN 
2007), Part 3, Chapter 3.2.4 (Serious eye damage/eye irritation) 
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Appendix F2 

EPA OPPTS Guidance Document 870.2400 (August 1998) 
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United States
Environmental Protection
Agency

Prevention, Pesticides
and Toxic Substances
(7101)

EPA 712–C–98–195
August 1998

Health Effects Test
Guidelines
OPPTS 870.2400
Acute Eye Irritation
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INTRODUCTION

This guideline is one of a series of test guidelines that have been
developed by the Office of Prevention, Pesticides and Toxic Substances,
United States Environmental Protection Agency for use in the testing of
pesticides and toxic substances, and the development of test data that must
be submitted to the Agency for review under Federal regulations.

The Office of Prevention, Pesticides and Toxic Substances (OPPTS)
has developed this guideline through a process of harmonization that
blended the testing guidance and requirements that existed in the Office
of Pollution Prevention and Toxics (OPPT) and appeared in Title 40,
Chapter I, Subchapter R of the Code of Federal Regulations (CFR), the
Office of Pesticide Programs (OPP) which appeared in publications of the
National Technical Information Service (NTIS) and the guidelines pub-
lished by the Organization for Economic Cooperation and Development
(OECD).

The purpose of harmonizing these guidelines into a single set of
OPPTS guidelines is to minimize variations among the testing procedures
that must be performed to meet the data requirements of the U. S. Environ-
mental Protection Agency under the Toxic Substances Control Act (15
U.S.C. 2601) and the Federal Insecticide, Fungicide and Rodenticide Act
(7 U.S.C. 136, et seq.).

Final Guideline Release: This guideline is available from the U.S.
Government Printing Office, Washington, DC 20402 on disks or paper
copies: call (202) 512–0132. This guideline is also available electronically
in PDF (portable document format) from EPA’s World Wide Web site
(http://www.epa.gov/epahome/research.htm) under the heading ‘‘Research-
ers and Scientists/Test Methods and Guidelines/OPPTS Harmonized Test
Guidelines.’’
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OPPTS 870.2400 Acute eye irritation.
(a) Scope—(1) Applicability. This guideline is intended to meet test-

ing requirements of both the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) (7 U.S.C. 136, et seq.) and the Toxic Substances
Control Act (TSCA) (15 U.S.C. 2601).

(2) Background. The source materials used in developing this har-
monized OPPTS test guideline are OPPTS 798.4500 Primary Eye Irrita-
tion; OPP 81–4 Acute Eye Irritation—Rabbit (Pesticide Assessment Guide-
lines, Subdivision F—Hazard Evaluation; Human and Domestic Animals)
EPA report 540/09–82–025, 1982; and OECD 405 Acute Eye Irritation/
Corrosion.

(b) Purpose. (1) In the assessment and evaluation of the toxic charac-
teristics of a substance, determination of the irritant and/or corrosive ef-
fects on eyes of mammals is an important initial step. Information derived
from this test serves to indicate the existence of possible hazards likely
to arise from exposure of the eyes and associated mucous membranes to
the test substance.

(2) Data on primary eye irritation are required by 40 CFR 158.340
to support the registration of each manufacturing-use product and end-use
product. (See § 158.50 to determine whether these data must be submitted
and which purity/grade of the test substance should be tested.)

(c) Definitions. The definitions in section 3 of TSCA and in 40 CFR
Part 792—Good Laboratory Practice Standards (GLP) apply to this test
guideline. The following definitions also apply to this test guideline.

Eye corrosion is the production of irreversible tissue damage in the
eye following application of a test substance to the anterior surface of
the eye.

Eye irritation is the production of reversible changes in the eye fol-
lowing the application of a test substance to the anterior surface of the
eye.

(d) Principle of the test method. The substance to be tested is ap-
plied in a single dose to one of the eyes in each of several experimental
animals; the untreated eye is used to provide control information. The de-
gree of irritation/corrosion is evaluated and scored at specified intervals
and is fully described to provide a complete evaluation of the effects. The
duration of the study should be sufficient to permit a full evaluation of
the reversibility or irreversibility of the effects observed. The period of
observation should be at least 72 h, but need not exceed 21 days. Animals
showing severe and enduring signs of distress and pain may need to be
killed in a humane fashion.

�
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(e) Initial considerations. (1) Strongly acidic or alkaline substances,
for example, with a demonstrated pH of 2 or less or 11.5 or greater, need
not be tested owing to their predictable corrosive properties. Buffer capac-
ity should also be taken into account.

(2) Materials which have demonstrated definite corrosion or severe
irritation in a dermal study need not be further tested for eye irritation.
It may be presumed that such substances will produce similarly severe
effects in the eyes.

(3) Results from well validated and accepted in vitro test systems
may serve to identify corrosives or irritants such that the test material need
not be tested in vivo.

(f) Test procedures—(1) Animal selection—(i) Species and strain.
A variety of experimental animals has been used, but it is recommended
that testing should be performed using healthy adult albino rabbits. Com-
monly used laboratory strains should be used. If another mammalian spe-
cies is used, the tester should provide justification/reasoning for its selec-
tion.

(ii) Number of animals. A single animal should be considered if
marked effects are anticipated. If the results of this test in one animal
suggest the test substance to be a severe irritant (reversible effect) or corro-
sive (irreversible effect) to the eye using the procedure described, further
tests may not need to be performed. In cases other than a single animal
test, at least three animals should be used. Occasionally, further testing
in additional animals may be appropriate to clarify equivocal responses.

(2) Dose level. For testing liquids, a dose of 0.1 mL is recommended.
In testing solids, pastes, and particulate substances, the amount used should
have a volume of 0.1 mL, or a weight of not more than 100 mg (the
weight must always be recorded). If the test material is solid or granular,
it should be ground to a fine dust. The volume of particulates should be
measured after gently compacting them (e.g. by tapping the measuring
container). To test a substance contained in a pressurized aerosol container,
the eye should be held open and the test substance administered in a single
burst of about 1 sec from a distance of 10 cm directly in front of the
eye. The dose may be estimated by weighing the container before and
after use. Care should be taken not to damage the eye. Pump sprays should
not be used but instead the liquid should be expelled and 0.1 mL collected
and instilled into the eye as described for liquids. For volatile substances,
the dose may be estimated by weighing the container before and after
use.

(3) Examination of eyes prior to test. Both eyes of each experi-
mental animal provisionally selected for testing should be examined within
24 h before testing starts by the same procedure to be used during the

�
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test examination. Animals showing eye irritation, ocular defects, or pre-
existing corneal injury should not be used.

(4) Application of the test substance. (i) The test substance should
be placed in the conjunctival sac of one eye of each animal after gently
pulling the lower lid away from the eyeball. The lids are then gently held
together for about 1 sec in order to limit loss of the material. The other
eye, which remains untreated, serves as a control. If it is thought that the
substance may cause extreme pain, local anesthetic may be used prior to
instillation of the test substance. The type and concentration of the local
anesthetic should be carefully selected to ensure that no significant dif-
ferences in reaction to the test substance will result from its use. The con-
trol eye should be similarly anesthetized.

(ii) The eyes of the test animals should not be washed out for
24 h following instillation of the test substance. At 24 h, a washout may
be used if considered appropriate. This is to show whether washing with
water palliates or exacerbates irritation.

(iii) For some substances shown to be irritating by this test, additional
testing using animals with eyes washed soon after instillation of the sub-
stance may be indicated. Half a minute after instillation, the eyes of the
animals are washed with water for 30 sec, using a volume and velocity
of flow which will not cause injury.

(5) Observation period. The duration of the observation period is
at least 72 h, and should not be fixed rigidly, but should be sufficient
to evaluate fully the reversibility or irreversibility of the effects observed.
The observation period normally need not exceed 21 days after instillation.

(6) Clinical examination and scoring. (i) The eyes should be exam-
ined at 1, 24, 48, and 72 h. If there is no evidence of irritation at 72
h, the study may be ended. Extended observation (e.g. at 7 and 21 days)
may be necessary if there is persistent corneal involvement or other ocular
irritation in order to determine the progress of the lesions and their revers-
ibility or irreversibility. In addition to the observations of the cornea, iris
and conjunctivae, any other lesions which are noted should be recorded
and reported. The grades of ocular reaction using the following table
should be recorded at each examination.

�
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Grades for Ocular Lesions

Cornea
Opacity: Degree of density (area most dense taken for reading). No ulceration

or opacity 0
Scattered or diffuse areas of opacity (other than slight dulling of normal luster),

details of iris clearly visible *1
Easily discernible translucent area, details of iris slightly obscured *2
Nacrous area, no details or iris visible, size of pupil barely discernible *3
Opaque cornea, iris not discernible through the opacity *4

Iris
Normal 0
Markedly deepened rugae, congestion, swelling moderate circumcorneal hy-

peremia, or injection, any of these or combination of any thereof, iris still re-
acting to light (sluggish reaction is positive) *1

No reaction to light, hemorrhage, gross destruction (any or all of these) *2
Conjunctivae

Redness (refers to palpebral and bulbar conjunctivae, excluding cornea and
iris).

Blood vessels normal 0
Some blood vessels definitely hyperemic (injected) 1
Diffuse, crimson color, individual vessels not easily discernible *2
Diffuse beefy red *3
Chemosis (refers to lids and/or nictitating membranes)
No swelling 0
Any swelling above normal (includes nictitating membranes) 1
Obvious swelling with partial eversion of lids *2
Swelling with lids about half closed *3
Swelling with lids more than half-closed *4

*Starred figures indicate positive grades.

(ii) Examination of reactions can be facilitated by use of a binocular
loupe, hand slit-lamp, biomicroscope, or other suitable device. After re-
cording the observations at 24 h, the eyes of any or all rabbits may be
further examined with the aid of fluorescein.

(iii) The grading of ocular responses is subject to various interpreta-
tions. To promote harmonization and to assist testing laboratories and
those involved in making and interpreting the observations, an illustrated
guide in grading eye irritation should be used.

(g) Data and reporting—(1) Data summary. Data should be sum-
marized in tabular form, showing for each individual animal the irritation
scores at observation time up until reversal (nonpositive grades) or 21 days
when the test is concluded; a description of the degree and nature of irrita-
tion; the presence of serious lesions and any effects other than ocular
which were observed.

(2) Evaluation of the results. The ocular irritation scores should be
evaluated in conjunction with the nature and reversibility or otherwise of
the responses observed. The individual scores do not represent an absolute
standard for the irritant properties of a material. They should be viewed
as reference values and are only meaningful when supported by a full
description and evaluation of the observations.
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(3) Test report. In addition to the reporting requirements as specified
under 40 CFR part 792, subpart J, the following specific information
should be reported:

(i)Species, strain, sex, age, and source of test animal.

(ii) Rationale for selection of species (if species is other than the spe-
cies preferred.

(iiii) Tabulation of irritant/corrosive response data for each individual
animal at each observation time point (e.g. 1, 24, 48, and 72 h until revers-
ibility of lesions or termination of the test).

(iv) Description of any lesions observed.

(v) Narrative description of the degree and nature of irritation or cor-
rosion observed.

(vi) Description of the method used to score the irritation at 1, 24,
48, and 72 h (e.g. hand slit-lamp, biomicroscope, fluorescein stain).

(vii) Description of any nonocular effects noted.

(viii) Description of any pre-test conditioning, including diet, quar-
antine, and treatment of disease.

(ix) Description of caging conditions including number (and any
change in number) of animals per cage, bedding material, ambient tem-
perature and humidity, photoperiod, and identification of diet of test ani-
mal.

(x) Manufacturer, source, purity, and lot number of test substance.

(xi) Physical nature, and, where appropriate, concentration and pH
value for the test substance.

(xii) Identification, composition, and characteristics of any vehicles
(e.g., diluents, suspending agents, emulsifiers, and anesthetics) or other
materials used in administering the test substance.

(xiii) A list of references cited in the body of the report, i.e., ref-
erences to any published literature used in developing the test protocol,
performing the testing, making and interpreting observations, and compil-
ing and evaluating the results.

(h) References. The following references should be consulted for ad-
ditional background information on this test guideline

(1) Buehler, E.V. and Newmann, E.A. A Comparison of Eye Irritation
in Monkeys and Rabbits. Toxicology and Applied Pharmacology 6:701–
710 (1964).
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(2) Draize, J.H. Dermal Toxicity. Appraisal of the Safety of Chemicals
in Foods, Drugs and Cosmetics. The Association of Food and Drug Offi-
cials of the United States (1959) 3rd printing 1975, pp. 49–52.

(3) Draize, J.H. et al. Methods for the study of irritation and toxicity
of substances applied topically to the skin and mucous membranes. Jour-
nal of Pharmacology and Experimental Therapeutics. 83:377–390 (1944).

(4) Loomis, T.A. Essentials of Toxicology. Lea and Febicer, Philadel-
phia 3rd ed. 1978 pp. 226–232.

(5) Kay, J.H. and Calandra, J.C., Interpretation of eye irritation tests.
Journal of the Society of Cosmetic Chemists 13:281–289 (1962).

(6) National Academy of Sciences. Principles and Procedures for
Evaluating the Toxicity of Household Substances. A report propared by
the Committee for the revision of NAS Publication 1138, under the aus-
pices of the Committee on Toxicology, National Research Council, Na-
tional Academy of Sciences, Washington, DC (1977).

(7) World Health Organization. Part I. Environmental Health Criteria
6. Principles and Methods for Evaluating the Toxicity of Chemicals. World
Health Organization, Geneva (1978).
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Appendix F3 

EPA Office of Pesticide Programs Label Review Manual (August 2003) 

 

Electronic versions of the EPA LRM can be obtained at: 
http://www.epa.gov/oppfead1/labeling/lrm/ 

F-19

Appendix F – Relevant Regulations and Guidelines



This page intentionally left blank 

F-20

ICCVAM AMCP Evaluation Report



Appendix F4 

Organisation for Economic Co-operation and Development (OECD)  
Test Guideline 405 (Adopted April 2002) 
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OECD/OCDE 405 
Adopted: 

24th April 2002 

OECD GUIDELINE FOR THE TESTING OF CHEMICALS 

Acute Eye Irritation/Corrosion 

INTRODUCTION 

1. OECD Guidelines for Testing of Chemicals are periodically reviewed to ensure that they reflect 
the best available science.  In the review of this Guideline, special attention was given to possible 
improvements through the evaluation of all existing information on the test substance in order to avoid 
unnecessary testing in laboratory animals and thereby address animal welfare concerns.  This updated 
version of Guideline 405 (adopted in 1981 and first revised in 1987) includes the recommendation that 
prior to undertaking the described in vivo test for acute eye irritation/corrosion, a weight-of-the-evidence 
analysis be performed (1) on the existing relevant data.  Where insufficient data are available, it is 
recommended that they be developed through application of sequential testing (2)(3).  The testing strategy 
includes the performance of validated and accepted in vitro tests and is provided as a Supplement to the 
Guideline. In addition, the use of an in vivo dermal irritation/corrosion test to predict eye corrosion prior to 
consideration of an in vivo eye test is recommended in this Guideline. 

2. Definitions of acute eye irritation and corrosion are set out in the Annex to the Guideline. 

INITIAL CONSIDERATIONS 

3. In the interest of both sound science and animal welfare, in vivo testing should not be considered 
until all available data relevant to the potential eye corrosivity/irritation of the substance has been 
evaluated in a weight-of-the-evidence analysis.  Such data will include evidence from existing studies in 
humans and/or laboratory animals, evidence of corrosivity/irritation of one or more structurally related 
substances or mixtures of such substances, data demonstrating high acidity or alkalinity of the substance 
(4)(5), and results from validated and accepted in vitro or ex vivo tests for skin corrosion and irritation 
(6)(7).  The studies may have been conducted prior to, or as a result of, a weight-of-the-evidence analysis. 

4. For certain substances, such an analysis may indicate the need for in vivo studies of the ocular 
corrosion/irritation potential of the substance. In all such cases, before considering the use of the in vivo 
eye test, preferably a study of the in vivo dermal effects of the substance should be conducted first and 
evaluated in accordance with Testing Guideline 404 (8).  The application of a weight-of-the-evidence 
analysis and the sequential testing strategy should decrease the need for in vivo testing for eye 
corrosivity/irritation of substances for which sufficient evidence already exists from other studies. If a 
determination of eye corrosion or irritation potential cannot be made using the sequential testing strategy, 
even after the performance of an in vivo study of dermal corrosion and irritation, an in vivo eye 
corrosion/irritation test may be performed. 

5. A preferred sequential testing strategy, which includes the performance of validated in vitro or ex 
vivo tests for corrosion/irritation, is included as a Supplement to this guideline.  The strategy was 
developed at, and unanimously recommended by the participants of, an OECD workshop (9), and has been 
adopted as the recommended testing strategy in the Globally Harmonised System for the Classification of 
Chemical Substances (GHS) (10).  It is recommended that this testing strategy be followed prior to 
undertaking in vivo testing. For new substances it is the recommended stepwise testing approach for 

1/14  
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developing scientifically sound data on the corrosivity/irritation of the substance. For existing substances 
with insufficient data on skin and eye corrosion/irritation, the strategy should be used to fill missing data 
gaps.  The use of a different testing strategy or procedure, or the decision not to use a stepwise testing 
approach, should be justified. 

PRINCIPLE OF THE IN VIVO TEST 

6. The substance to be tested is applied in a single dose to one of the eyes of the experimental 
animal; the untreated eye serves as the control. The degree of eye irritation/corrosion is evaluated by 
scoring lesions of conjunctiva, cornea, and iris, at specific intervals. Other effects in the eye and adverse 
systemic effects are also described to provide a complete evaluation of the effects. The duration of the 
study should be sufficient to evaluate the reversibility or irreversibility of the effects. 

7. Animals showing continuing signs of severe distress and/or pain at any stage of the test should be 
humanely killed, and the substance assessed accordingly.  Criteria for making the decision to humanely kill 
moribund and severely suffering animals are the subject of a separate Guidance Document (11). 

PREPARATIONS FOR THE IN VIVO TEST 

Selection of species 

8. The albino rabbit is the preferable laboratory animal, and healthy young adult animals are used. 
A rationale for using other strains or species should be provided. 

Preparation of animals 

9. Both eyes of each experimental animal provisionally selected for testing should be examined 
within 24 hours before testing starts.  Animals showing eye irritation, ocular defects, or pre-existing 
corneal injury should not be used. 

Housing and feeding conditions 

10. Animals should be individually housed.  The temperature of the experimental animal room 
should be 20°C (± 3°C) for rabbits.  Although the relative humidity should be at least 30% and preferably 
not exceed 70%, other than during room cleaning, the aim should be 50-60%. Lighting should be artificial, 
the sequence being 12 hours light, 12 hours dark.  For feeding, conventional laboratory diets may be used 
with an unrestricted supply of drinking water. 

TEST PROCEDURE 

Application of the test substance 

11. The test substance should be placed in the conjunctival sac of one eye of each animal after gently 
pulling the lower lid away from the eyeball.  The lids are then gently held together for about one second in 
order to prevent loss of the material.  The other eye, which remains untreated, serves as a control. 

2/14  

�

F-24

ICCVAM AMCP Evaluation Report



OECD/OCDE 405  

Irrigation 

12. The eyes of the test animals should not be washed for at least 24 hours following instillation of 
the test substance, except for solids (see paragraph 16), and in case of immediate corrosive or irritating 
effects.  At 24 hours a washout may be used if considered appropriate. 

13. Use of a satellite group of animals to investigate the influence of washing is not recommended 
unless it is scientifically justified.  If a satellite group is needed, two rabbits should be used.  Conditions of 
washing should be carefully documented, e.g., time of washing; composition and temperature of wash 
solution; duration, volume, and velocity of application. 

Dose level 

(1) Testing of liquids 

14. For testing liquids, a dose of 0.1 mL is used. Pump sprays should not be used for instilling the 
substance directly into the eye.  The liquid spray should be expelled and collected in a container prior to 
instilling 0.1 mL into the eye. 

(2) Testing of solids 

15. When testing solids, pastes, and particulate substances, the amount used should have a volume of 
0.1 mL or a weight of not more than 100 mg.  The test material should be ground to a fine dust.  The 
volume of solid material should be measured after gently compacting it, e.g., by tapping the measuring 
container.  If the solid test substance has not been removed from the eye of the test animal by physiological 
mechanisms at the first observation time point of 1 hour after treatment, the eye may be rinsed with saline 
or distilled water. 

(3) Testing of aerosols 

16. It is recommended that all pump sprays and aerosols be collected prior to installation into the eye. 
The one exception is for substances in pressurised aerosol containers, which cannot be collected due to 
vaporisation. In such cases, the eye should be held open, and the test substance administered to the eye in a 
simple burst of about one second, from a distance of 10 cm directly in front of the eye.  This distance may 
vary depending on the pressure of the spray and its contents.  Care should be taken not to damage the eye 
from the pressure of the spray.  In appropriate cases, there may be a need to evaluate the potential for 
“mechanical” damage to the eye from the force of the spray. 

17. An estimate of the dose from an aerosol can be made by simulating the test as follows: the 
substance is sprayed on to weighing paper through an opening the size of a rabbit eye placed directly 
before the paper. The weight increase of the paper is used to approximate the amount sprayed into the eye. 
For volatile substances, the dose may be estimated by weighing a receiving container before and after 
removal of the test material. 

Initial test (in vivo eye irritation/corrosion test using one animal) 

18. As articulated in the sequential testing strategy (Supplement to Guideline), it is strongly 
recommended that the in vivo test be performed initially using one animal. 

19. If the results of this test indicate the substance to be corrosive or a severe irritant to the eye using 
the procedure described, further testing for ocular irritancy should not be performed. 
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Local anaesthetics 

20. Local anaesthetics may be used on a case-by-case basis. If the weight-of-the-evidence analysis 
indicates that the substance has the potential to cause pain, or initial testing shows that a painful reaction 
will occur, a local anaesthetic may be used prior to instillation of the test substance.  The type, 
concentration, and dose of the local anaesthetic should be carefully selected to ensure that differences in 
reaction to the test substance will not result from its use. The control eye should be similarly 
anaesthetised. 

Confirmatory test (in vivo eye irritation test with additional animals) 

21. If a corrosive  effect is not observed in the initial test, the irritant or negative response should be 
confirmed using up to two additional animals.  If a severe irritant effect is observed in the initial test 
indicating a possible strong (irreversible) effect in the confirmatory testing, it is recommended that the 
confirmatory test be conducted in a sequential manner in one animal at a time, rather than exposing the two 
additional animals simultaneously. If the second animal reveals corrosive or severe irritant effects, the test 
is not continued.  Additional animals may be needed to confirm weak or moderate irritant responses. 

Observation period 

22. The duration of the observation period should be sufficient to evaluate fully the magnitude and 
reversibility of the effects observed.  However, the experiment should be terminated at any time that the 
animal shows continuing signs of severe pain or distress (9). To determine reversibility of effects, the 
animals should be observed normally for 21 days post administration of the test substance. If reversibility 
is seen before 21 days, the experiment should be terminated at that time. 

Clinical observations and grading of eye reactions 

23. The eyes should be examined at 1, 24, 48, and 72 hours after test substance application. Animals 
should be kept on test no longer than necessary once definitive information has been obtained.  Animals 
showing continuing severe pain or distress should be humanely killed without delay, and the substance 
assessed accordingly.  Animals with the following eye lesions post-instillation should be humanely killed: 
corneal perforation or significant corneal ulceration including staphyloma; blood in the anterior chamber of 
the eye; grade 4 corneal opacity which persists for 48 hours; absence of a light reflex (iridial response 
grade 2) which persists for 72 hours; ulceration of the conjunctival membrane; necrosis of the conjuctivae 
or nictitating membrane; or sloughing.  This is because such lesions generally are not reversible. 

24. Animals that do not develop ocular lesions may be terminated not earlier than 3 days post 
instillation.  Animals with mild to moderate lesions should be observed until the lesions clear, or for 21 
days, at which time the study is terminated.  Observations should be performed at 7, 14, and 21 days in 
order to determine the status of the lesions, and their reversibility or irreversibility. 

25. The grades of ocular reaction (conjunctivae, cornea and iris) should be recorded at each 
examination (Table I).  Any other lesions in the eye (e.g. pannus, staining) or adverse systemic effects 
should also be reported. 

26. Examination of reactions can be facilitated by use of a binocular loupe, hand slit-lamp, 
biomicroscope, or other suitable device.  After recording the observations at 24 hours, the eyes may be 
further examined with the aid of fluorescein. 
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27. The grading of ocular responses is necessarily subjective.  To promote harmonisation of grading 
of ocular response and to assist testing laboratories and those involved in making and interpreting the 
observations, the personnel performing the observations need to be adequately trained in the scoring 
system used. 

DATA AND REPORTING 

Evaluation of results 

28. The ocular irritation scores should be evaluated in conjunction with the nature and severity of 
lesions, and their reversibility or lack of reversibility. The individual scores do not represent an absolute 
standard for the irritant properties of a material, as other effects of the test material are also evaluated. 
Instead, individual scores should be viewed as reference values and are only meaningful when supported 
by a full description and evaluation of all observations. 

Test report 

29. The test report must include the following information: 

Rationale for in vivo testing: weight-of-the-evidence analysis of pre-existing test data, including 
results from sequential testing strategy: 

- description of relevant data available from prior testing;  
- data derived in each step of testing strategy;  
- description of in vitro tests performed, including details of procedures, results obtained  

with test/reference substances; 
- description of in vivo dermal irritation / corrosion study performed, including results 

obtained; 
- weight-of-the-evidence analysis for performing in vivo study 

Test substance: 

- identification data (e.g.  CAS number, source, purity, known impurities, lot number); 
- physical nature and physicochemical properties (e.g. pH, volatility, solubility, stability, 

reactivity with water); 
- in case of a mixture, composition and relative percentages of components; 
- if local anaesthetic is used, identification, purity, type, dose, and potential interaction 

with test substance. 

Vehicle: 

- identification, concentration (where appropriate), volume used; 
- justification for choice of vehicle. 

Test animals: 

- species/strain used, rationale for using animals other than albino rabbit;  
- age of each animal at start of study;  
- number of animals of each sex in test and control groups (if required);  
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- individual animal weights at start and conclusion of test;  
- source, housing conditions, diet, etc.  

Results: 

- description of method used to score irritation at each observation time (e.g., hand 
slitlamp, biomicroscope, fluorescein); 

- tabulation of irritant/corrosive response data for each animal at each observation time up 
to removal of each animal from the test; 

- narrative description of the degree and nature of irritation or corrosion observed; 
- description of any other lesions observed in the eye (e.g., vascularization, pannus 

formation, adhesions, staining); 
- description of non-ocular local and systemic adverse effects, and histopatho-ogical 

findings, if any. 

Discussion of results. 

Interpretation of the results 

30. Extrapolation of the results of eye irritation studies in laboratory animals to humans is valid only 
to a limited degree. In many cases the albino rabbit is more sensitive than humans to ocular irritants or 
corrosives. 

31. Care should be taken in the interpretation of data to exclude irritation resulting from secondary 
infection. 

LITERATURE 

(1)  Barratt, M.D., Castell, J.V., Chamberlain, M., Combes, R.D., Dearden, J.C., Fentem, J.H., Gerner, 
I., Giuliani, A., Gray, T.J.B., Livingston, D.J., Provan, W.M., Rutten, F.A.J.J.L., Verhaar, H.J.M., 
Zbinden, P. (1995). The Integrated Use of Alternative Approaches for Predicting Toxic Hazard. 
ECVAM Workshop Report 8. ATLA  23, 410 - 429. 

(2)  de Silva, O., Cottin, M., Dami, N., Roguet, R., Catroux, P., Toufic, A., Sicard, C., Dossou, K.G., 
Gerner, I., Schlede, E., Spielmann, H., Gupta, K.C., Hill, R.N. (1997). Evaluation of Eye Irritation 
Potential: Statistical Analysis and Tier Testing Strategies. Food Chem. Toxicol 35, 159 - 164. 

(3)  Worth A.P. and Fentem J.H. (1999). A general approach for evaluating stepwise testing strategies 
ATLA 27, 161-177. 

(4)  Young, J.R., How, M.J., Walker, A.P., Worth W.M.H. (1988). Classification as Corrosive or 
Irritant to Skin of Preparations Containing Acidic or Alkaline Substance Without Testing on 
Animals. Toxicol. In Vitro, 2, 19 - 26. 

(5)  Neun, D.J. (1993). Effects of Alkalinity on the Eye Irritation Potential of Solutions Prepared at a 
Single pH. J. Toxicol. Cut. Ocular Toxicol.  12, 227 - 231. 

6/14  

�

F-28

ICCVAM AMCP Evaluation Report



OECD/OCDE  405  

(6)  Fentem, J.H., Archer, G.E.B., Balls, M., Botham, P.A., Curren, R.D., Earl, L.K., Edsail, D.J., 
Holzhutter, H.G. and Liebsch, M. (1998). The ECVAM international validation study on in vitro 
tests for skin corrosivity. 2. Results and evaluation by the Management Team. Toxicology in Vitro 
12, pp.483 – 524. 

(7)  EU (2000). Official Journal of The European Communities L136/91 of 8 June 2000, Method B.40 
Skin Corrosion. 

(8)  OECD (2000). Test Guideline 404. Acute Dermal Irritation/Corrosion. 

(9)  OECD (1996). OECD Test Guidelines Programme: Final Report of the OECD Workshop on 
Harmonization of Validation and Acceptance Criteria for Alternative Toxicological Test Methods. 
Held in Solna, Sweden, 22 - 24 January 1996 (http://www.oecd.org/ehs/test/background.htm). 

(10)  OECD (1998). Harmonized Integrated Hazard Classification System for Human Health and 
Environmental Effects of Chemical Substances, as endorsed by the 28th Joint Meeting of the 
Chemicals Committee and the Working Party on Chemicals, November 1998 
(http://www.oecd.org/ehs/Class/HCL6.htm). 

(11)  OECD (2000). Guidance Document on the Recognition, Assessment and Use of Clinical Signs as 
Humane Endpoints for Experimental Animals Used in Safety Evaluation.  OECD Environmental 
Health and Safety Publications. Series on Testing and Assessment No. 19 
(http://www.oecd.org/ehs/test/monos.htm). 

7/14  

�

F-29

Appendix F – Relevant Regulations and Guidelines



405 OECD/OCDE  

TABLE:  GRADING OF OCULAR LESIONS 

Cornea 

Opacity: degree of density (readings should be taken from most dense area)* 

No ulceration or opacity...............................................................................................................................  0 
Scattered or diffuse areas of opacity (other than slight dulling of normal lustre);
   details of iris clearly visible ......................................................................................................................  1  
Easily discernible translucent area; details of iris slightly obscured ............................................................2  
Nacrous area; no details of iris visible; size of pupil barely discernible ......................................................3  
Opaque cornea; iris not discernible through the opacity ..............................................................................4  

Maximum possible: 4  

* The area of corneal opacity should be noted 

Iris 

Normal ..........................................................................................................................................................0  
Markedly deepened rugae, congestion, swelling, moderate circumcorneal hyperaemia; 
   or injection; iris reactive to light (a sluggish reaction is considered to be an effect ..................................1  
Hemorrhage, gross destruction, or no reaction to light .................................................................................2  

Maximum possible: 2  

Conjunctivae 

Redness (refers to palpebral and bulbar conjunctivae; excluding cornea and iris) 

Normal ..........................................................................................................................................................0  
Some blood vessels hyperaemic (injected) ...................................................................................................1  
Diffuse, crimson colour; individual vessels not easily discernible ...............................................................2  
Diffuse beefy red...........................................................................................................................................3  

Maximum possible: 3  

Chemosis 

Swelling (refers to lids and/or nictating membranes) 

Normal ..........................................................................................................................................................0  
Some swelling above norma .........................................................................................................................1  
Obvious swelling, with partial eversion of lids.............................................................................................2  
Swelling, with lids about half closed ............................................................................................................3  
Swelling, with lids more than half closed .....................................................................................................4  

Maximum possible: 4  
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ANNEX 

DEFINITIONS 

1. Eye irritation is the production of changes in the eye following the application of a test substance 
to the anterior surface of the eye, which are fully reversible within 21 days of application. 

2. Eye corrosion is the production of tissue damage in the eye, or serious physical decay of vision, 
following application of a test substance to the anterior surface of the eye, which is not fully reversible 
within 21 days of application. 
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SUPPLEMENT TO  TEST GUIDELINE 405 

A Sequential Testing Strategy for Eye Irritation and Corrosion 

GENERAL CONSIDERATIONS 

1. In the interests of sound science and animal welfare, it is important to avoid the unnecessary use 
of animals, and to minimise testing that is likely to produce severe responses in animals.  All information 
on a substance relevant to its potential ocular irritation/corrosivity should be evaluated prior to considering 
in vivo testing.  Sufficient evidence may already exist to classify a test substance as to its eye irritation or 
corrosion potential without the need to conduct testing in laboratory animals.  Therefore, utilizing a 
weight-of-the-evidence analysis and sequential testing strategy will minimise the need for in vivo testing, 
especially if the substance is likely to produce severe reactions. 

2. It is recommended that a weight-of-the-evidence analysis be used to evaluate existing 
information pertaining to eye irritation and corrosion of substances and to determine whether additional 
studies, other than in vivo eye studies, should be performed to help characterise such potential. Where 
further studies are needed, it is recommended that the sequential testing strategy be utilised to develop the 
relevant experimental data. For substances which have no testing history, the sequential testing strategy 
should be utilised to develop the data are needed to evaluate its eye corrosion/irritation.  The testing 
strategy described in this Supplement was developed at an OECD workshop (1).  It was subsequently 
affirmed and expanded in the Harmonised Integrated Hazard Classification System for Human Health and 
Environmental Effects of Chemical Substances, as endorsed by the 28th Joint Meeting of the Chemicals 
Committee and the Working Party on Chemicals, in November 1998 (2). 

3. Although this testing strategy is not an integrated part of Test Guideline 405, it expresses the 
recommended approach for the determination of eye irritation/corrosion properties. This approach 
represents both best practice and an ethical benchmark for in vivo testing for eye irritation/corrosion. The 
Guideline provides guidance for the conduct of the in vivo test and summarises the factors that should be 
addressed before considering such a test. The sequential testing strategy provides a weight-of-the-evidence 
approach for the evaluation of existing data on the eye irritation/corrosion properties of substances and a 
tiered approach for the generation of relevant data on substances for which additional studies are needed or 
for which no studies have been performed. The strategy includes the performance first of validated and 
accepted in vitro or ex vivo tests and then of Guideline 404 skin irritation/corrosion studies under specific 
circumstances (3)(4). 

DESCRIPTION OF THE STEPWISE TESTING STRATEGY 

4. Prior to undertaking tests as part of the sequential testing strategy (Figure), all available 
information should be evaluated to determine the need for in vivo eye testing. Although significant 
information might be gained from the evaluation of single parameters (e.g., extreme pH), the totality of 
existing information should be assessed. All relevant data on the effects of the substance in question, and 
its structural analogues, should be evaluated in making a weight-of-the-evidence decision, and a rationale 
for the decision should be presented.  Primary emphasis should be placed upon existing human and animal 
data on the substance, followed by the outcome of in vitro or ex vivo testing. In vivo studies of corrosive 
substances should be avoided whenever possible. The factors considered in the testing strategy include: 
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5. Evaluation of existing human and animal data (Step 1). Existing human data, e.g. clinical and 
occupational studies, and case reports, and/or animal test data from ocular studies should be considered 
first, because they provide information directly related to effects on the eyes. Thereafter, available data 
from human and/or animal studies investigating dermal corrosion/irritation should be evaluated. 
Substances with known corrosivity or severe irritancy to the eye should not be instilled into the eyes of 
animals, nor should substances showing corrosive or severe irritant effects to the skin; such substances 
should be considered to be corrosive and/or irritating to the eyes as well. Substances with sufficient 
evidence of non-corrosivity and non-irritancy from previously performed ocular studies should also not be 
tested in in vivo eye studies. 

6. Analysis of structure activity relationships (SAR) (Step 2).  The results of testing of structurally 
related chemicals should be considered, if available. When sufficient human and/or animal data are 
available on structurally related substances or mixtures of such substances to indicate their eye 
corrrosion/irritancy potential, it can be presumed that the test substance will produce the same responses. 
In those cases, the substance may not need to be tested. Negative data from studies of structurally related 
substances or mixtures of such substances do not constitute sufficient evidence of non-corrosivity/non-
irritancy of a substance under the sequential testing strategy. Validated and accepted SAR approaches 
should be used to identify the corrosion and irritation potential for both dermal and ocular effects. 

7. Physicochemical properties and chemical reactivity (Step 3). Substances exhibiting pH extremes 
such as ≤2.0 or ≥11.5 may have strong local effects.  If extreme pH is the basis for identifying a substance 
as corrosive or irritant to the eye, then its acid/alkaline reserve (buffering capacity) may also be taken into 
consideration (5)(6). If the buffering capacity suggests that a substance may not be corrosive to the eye, 
then further testing should be undertaken to confirm this, preferably by the use of a validated and accepted 
in vitro or ex vivo test (see paragraph 9). 

8. Consideration of other existing information (Step 4). All available information on systemic 
toxicity via the dermal route should be evaluated at this stage. The acute dermal toxicity of the test 
substance should also be considered. If the test substance has been shown to be highly toxic by the dermal 
route, it may not need to be tested in the eye. Although there is not necessarily a relationship between acute 
dermal toxicity and eye irritation/corrosion, it can be assumed that if an agent is highly toxic via the dermal 
route, it will also exhibit high toxicity when instilled into the eye.  Such data may also be considered 
between Steps 2 and 3. 

9. Results from in vitro or ex vivo tests (Steps 5 and 6). Substances that have demonstrated 
corrosive or severe irritant properties in an in vitro or ex vivo test (7)(8) that has been validated and 
accepted for the assessment specifically of eye or skin corrosivity/irritation, need not be tested in animals. 
It can be presumed that such substances will produce similar severe effects in vivo. If validated and 
accepted in vitro/ex vivo tests are not available, one should bypass Steps 5 and 6 and proceed directly to 
Step 7. 

10. Assessment of in vivo dermal irritancy or corrosivity of the substance (Step 7). When insufficient 
evidence exists with which to perform a conclusive weight-of-the-evidence analysis of the potential eye 
irritation/corrosivity of a substance based upon data from the studies listed above, the in vivo skin 
irritation/corrosion potential should be evaluated first, using Guideline 404 (4) and the accompanying 
Supplement (9).  If the substance is shown to produce corrosion or severe skin irritation, it should be 
considered to be a corrosive eye irritant unless other information supports an alternative conclusion.  Thus, 
an in vivo eye test would not need to be performed. If the substance is not corrosive or severely irritating to 
the skin, an in vivo eye test should be performed. 
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11. In vivo test in rabbits (Steps 8 and 9): In vivo ocular testing should begin with an initial test using 
one animal. If the results of this test indicate the substance to be a severe irritant or corrosive to the eyes, 
further testing should not be performed. If that test does not reveal any corrosive or severe irritant effects, a 
confirmatory test is conducted with two additional animals. Depending upon the results of the confirmatory 
test, further tests may be needed. [see Test Guideline 405 (10)] 
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FIGURE  

TESTING AND EVALUATION STRATEGY FOR EYE IRRITATION/CORROSION  

Activity 

Existing human and/or animal data 
showing effects on eyes 

Existing human and/or animal data 
showing corrosive effects on skin 

Existing human and/or animal data 
showing severe irritant effects on 
skin 

↓
no information available, or 
available information is not 

conclusive 
↓

Perform SAR for eye  
corrosion/irritation  

2 

Perform SAR for skin corrosion 

↓
No predictions can be made, or 

predictions are not conclusive or 
negative 

↓
Measure pH (buffering capacity, if 
relevant) 

3 

↓
2< pH < 11.5, or pH≤ 2.0 or ≥ 11.5 
with low/no buffering capacity, if 

relevant 
↓

Finding Conclusion 

Severe damage to eyes Apical endpoint; consider corrosive to 
eyes. No testing is needed. 

Eye irritant Apical endpoint; consider irritating to 
eyes.  No testing is needed. 

Not corrosive/not 
irritating to eyes 

Apical endpoint; considered non-
corrosive and non-irritating to eyes. 
No testing required. 

Skin corrosive Assume corrosivity to eyes. No testing 
is needed. 

Severe skin irritant Assume irritating to eyes. No testing 
is needed 

Predict severe damage to 
eyes 

Assume corrosivity to eyes. No testing 
is needed. 

Predict irritation to eyes Assume irritating to eyes. No testing 
is needed. 

Predict skin corrosivity Assume corrosivity to eyes. No testing 
is needed. 

pH ≤ 2 or ≥ 11.5 (with 
high buffering capacity, 
if relevant) 

Assume corrosivity to eyes. No testing 
is needed. 
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Evaluate systemic toxicity via the 
dermal route 

4 

↓
Such information is not available, or 

substance is not highly toxic 
↓

Perform validated and accepted  in 
vitro or ex vivo test for  eye corrosion 

5 

↓
Substance is not corrosive, or 

internationally validated  in vitro or 
ex vivo testing methods for eye 
corrosion are not yet available 

↓
Perform validated and accepted  in 
vitro or ex vivo test for  eye irritation 

6 

↓
Substance is not an irritant, or 

internationally validated  in vitro or 
ex vivo testing methods for eye 
irritation are not yet available 

↓
Experimentally assess in vivo skin 
irritation/corrosion potential (see 
OECD Guideline 404) 

7 

↓
Substance is not corrosive or 

severely irritating to skin 
↓

Perform initial in vivo  rabbit eye test 
using one animal 

8 

↓
No severe damage, or no response 

↓
Perform confirmatory test using one 
or two additional animals 

9 

Highly toxic at 
concentrations that would 
be tested in the eye. 

Corrosive response 

Irritant response 

Corrosive or severe 
irritant response 

Severe damage to eyes 

Corrosive or irritating 

Not corrosive or 
irritating 

Substance would be too toxic for 
testing. No testing is needed. 

Assume corrosivity to eyes. No 
further testing is needed. 

Assume irritancy to eyes. No further 
testing is needed. 

Assume corrosivity to eyes. No 
further testing is needed. 

Consider corrosive to eyes. No further 
testing is needed. 

Consider corrosive or irritating to 
eyes. No further testing is needed 

Consider non-irritating and non-
corrosive to eyes. No further testing is 
needed. 
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